A Note From 

Dave Miller (AA4DF) and Jill Bryant 

at 

http ;//ww w,aa4df xom 

First, please know that we not only provide free PDFs like this one, we also supply 
PDF documents for profit. Please know that there is never an extraneous letter (like 
this one) added to PDFs we sell. 

This collection of ServiceScopes and TekScopes is provided to you hy the generosity 
of Paul Hartsfield, NYC, NY. 

This PDF was made from originals. There wasn’t a high resolution scan set made of 
these, although I understand this same set is being sold on eBay described as “high 
resolution”. Folks, you just can’t fit 600-plus pages with many photos in a less than 
100 MB PDF. If you want to see what a truly high res PDF of such material looks 
like, buy one of our CDs of later TekScope issues. You’ll be amazed at the 
difference! 

You will soon note that even more “marketing” and “leeching” vendors will shortly 
begin selling this scan set on eBay. “The Leech” in Houston will say nothing about 
quality, and “The Marketer” in Minnesota will make up specifications to pretend he 
scanned it himself, as he does with so many HP and other factory downloads. Please 
support original PDF producers; “leeches” and “marketers” who obtain and sell the 
work of others or sell free internet download material to naive eBay buyers for high 
prices are directly responsible for the scarcity of new material in the scanned 
manuals trade. 

Also, PLEASE don’t upload this to K4XL’s BAMA! BAMA has plagiarized most of 
our Tektronix material, and if you investigate you’ll see that they have a great deal 
more test equipment manual inventory than useful ham radio inventory (after all, 
test equipment docs are “where the money is”) even though they masquerade as a 
ham radio site, and that coupled with the presence of the words “if you bought this 
from anyone other than BAMA...” locked into the material pretty well tells you 
what their intentions are. Wildly waving the “EREE! FREE! EREE!” banner they 
are tricking decent people into plagiarizing working vendors, with the ultimate 
objective being for BAMA to profit from the labor of others at no cost to themselves. 
Free manuals sites that sell advertising should not plagiarize the work of hard 
working folks like us who are creating the material in order to make a living. 

Otherwise, pass it around all you wish. Thanks for taking the time to read this. 

-Dave and Jill 
http://www.aa4df.com 
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SAVING CONTAMINATED 
OSCILLOSCOPES 

Tektronix Field Engineer Fred Lenc- 
zynski on a call to a Nuclear Re- 
search operation discovered they were 
destroying Tektronix scopes that had 
become contaminated. They were very 
happy to learn that Tektronix scopes 
could be washed with the Kelite solution 
and retrieved from the atomic junk 
man. Ask your Tektronix Field Engineer 
for details on this money saving opera- 
tion. 

HIGH Gm TUBES OSCILLATING IN 
TYPE 570 

There is a tendency for some high Gm 
tubes being tested with the Type 570 
Characteristic-Curve Tracer to oscillate 
despite the use of resistor patch cords 
and shielding with Belden braid. 

Tektronix Field Engineer Earl Wil- 
liams reports considerable success in sup- 
pressing these oscillations through the 
use of Ferramic cores installed on each 
bare-wire lead connecting pin jack to tube 
socket lug. Ferramic cores are the ferrite 
material beads that can be strung on 
wire to act as suppressors to high-fre- 
quency currents flowing in wire. Earl 
says that brief test did not show that use 
of beads could eliminate possible need 
for resistor patch cords, but he was able 
to display curves he had not seen to date. 

REACTIVATING THE CATHODES 

OF STO RED ^ 

cj^ODE -R^ TUBES 

A cathode- ray tube that has been in 
storage for some time should be “re- 
activated” before being placed in service. 
To reactivate the cathode, operate the 
CRT with 8 volts on the heater (other 
operating conditions normal) for about 
one hour, and follow with 24 hours of 
operation at normal heater voltage. Dur- 
ing the reactivation period the beam 
should be positioned off the face of the 
CRT. 

SERVICING YOUR AIR FILTERS 

Reliability of Tektronix Oscilloscopes is 
improved if the washable Lumaloy air 
filter is clean. The filters should be in- 
spected every three or four months, for 
dirt content, by holding the filter up to 
the light. The following filter cleaning 
instructions are given by the filter 
manufacturer: 

“To Clean: 

(1) If grease or dirt load is light, remove 



filter from installation and flush dirt 
or grease out of filter with a stream 
of hot water or steam. 

(2) If load is too heavy for treatment in 
(1) above, prepare mild soap or deter- 
gent solution in pan or sink deep 

enough to cover fil- 
ter when laid flat. 

Agitate filter up and 
down in this solution 
until grease or dirt 
is loosened and car- 
ried off filter. 

(3) Rinse filter and 
let dry. 

(4) Dip or spray fil- 
ter with fresh Filter 
Coat, or other ap- 
proved adhesive.” 

Filter Coat should be easy to get locally; 
look in the Classified Section of your 
phone book for RP Air Filters, or EZ 
Kleen Air Filters. If you have any 
trouble, we can supply you from Portland 
at $1.00 per pint. 

CHANGING TO SILICON RECTIFIERS 

Field-Modification Kits for several Tek- 
tronix Oscilloscopes facilitate changing 
from selenium to silicon rectifiers for in- 
creased reliability. Kits contain all neces- 
sary parts and instructions. 

Field-Modification Kit 040-201 $60 

for Type 531 serial numbers 101 
through 7600 

for Type 535 serial numbers 101 
through 8627 

Field-Modification Kit 040-202 .... $60 
for Type 531 serial number 7601 and up 
for Tvpe 535 serial number 8628 and up 
for Types RM31, 533, RM33, RM35, 
541, RM41, 543, RM43, 545, RM45— 
all serial numbers. 



Due to increased production capacity, 
Tektronix is now able to accept lai'ge 
quantity orders for ceramic terminal 
strips. These are the same strips as are 
used in current production instruments: 
one, two, and three notch strips with one- 
yoke mounting, and four, seven, nine, 
and eleven notch strips with two-yoke 
mounting. Yokes are made of nylon, 
and are press-fit mounted to the chassis 
with spacers. Please consult your Tek- 
tronix Field Engineer for complete 
particulars and prices. 
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AVOID BURNING CRT SCREENS 

Turning down the intensity before 
changing plug-in units in Tektronix 
Oscilloscopes eliminates any danger of 
burning the CRT screen during this 
operation. 



USED INSTRUMENTS WANTED 



1 524 or 
514 



1 315 or 

511 



1 511, 514 
or 515 



1 511 



1 512 



1 310 (or 

315 
512 

514 

515 



Frank Valencic 
718 E. 200 St. 

Cleveland 19, Ohio 
Robert Anderson 
University of Illinois 
Chicago 

Control Systems Lab. 
Urbana, Illinois 
Phone: EMpire 7-6611 
Dr. R.B. Marion, 
Physicist 

University of Maryland 

U. S. Rt. #1 

College Park, Maryland 

A.C. Nielsen Company 

807 Howard Street 

Evanston, Illinois 

Phone HO 5-4400 

Willis Smith 

5449 La Jolla Hermosa 

Ave. 

La Jolla, California 
H.J. Wood, Jr. 

Garwood Development 
Lab. 

P. O. Box 412 
Las Cruces, 

New Mexico 
Phone JA 4-4044 



9r. QUESTIONS FROM THE FIELD p 



Q. Is the HV power supply in the 530- 
540 Series scopes capable of operating 
a slave CRT? 

A. Yes, but if there is a regulation pro- 
blem, it may be necessary to change 
the 6AU5 screen resistor (56 K 2 W) 
to a 47 K or 39 K 2 W resistor. 

Q. What is the frequency response of 
P170CF and P500CF probes when 
used with 545/G? 

A. We made some measurements and 
found the P170CF to be 3 db down at 
22 me and the P500CF 3 db down at 
11.7 me. 

Q. Is it possible to use a 5BG or 5BH 
with the 5 30 A and 540 A? 

A. Yes, it is possible if other minor 
changes are made. The 5BG ert is 
directly interchangeable with the T533 
ert when it is used in the 531A, 533 
or 535A Oscilloscopes except for the 
different vertical sensitivities of the 
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two crt’s. The vertical sensitivities 
are: 

5BG 11.2- 137 v/cm 

T533 8.6 - 10.5 v/cm 

The Vertical Gain Adj. in the scope 
should have enough range to overcome 
this difference. (Although changing 
the gain means you will have to re- 
tune the delay line and possibly the 
other coils in the amplifier.) 

The 5BH crt is directly interchange- 
able with the T543 crt if pins 11 and 
12 on the 5BH crt are jumpered to- 
gether with a strap. The deflection 
sensitivities are the same in both of 
these crt’s. 

The T533 and T543 crt’s have photo- 
etched horizontal deflection plates to 
minimize flare when the sweep in the 
533 and 543 Oscilloscopes are used in 
the 50 and 100 times magnifier posi- 
tion. 

VERTICAL INTERFIELD TEST 
MODIFICATION KIT FOR TYPE 525 TV 
WAVEFORM MONITOR 

A modification kit with step-by-step in- 
structions is now available. To permit 
observation of the VERTICAL INTER- 
FIELD TEST SIGNAL which is in- 
serted between horizontal sync pulses on 
the porch of the vertical blanking pulse 
of the composite video signal. 

The kit includes all parts, wired VIT 
chassis, photos and instructions for modi- 
fying the Type 525 Oscilloscope. Also 
included are operating instructions and 
internal adjustment procedure with 
theory of operation. 

When ordering, please specify Type 525 
Vertical Interfield Test Modification Kit, 
Tek Number 040-171. Price $35.00. 

CRT REPLACEMENT TECHNIQUE 

We have an oc- 
casional note 
from the field, in- 
dicating trouble 
with the new 
brush-type CRT 
anode connectors. 
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The new anode connectors were designed 
so that they would not have to be re- 
moved when replacing the CRT, The 
connector mounts on the shield and when 
the CRT is installed the brush makes 
contact with the CRT anode button. 

If the connector is installed after the 
CRT is in place, the brush is apt to be- 
come frayed and bent resulting in a poor 
connection. It is recommended that you 
do not remove the connector from the 
shield when installing or replacing the 
CRT. 



USE of TYPES 535, 535A, 

545 and 545A for DOUBLE SWEEPS 

Two single sweeps may be obtained 
utilizing the principle that when the 
Horizontal Display switch is placed in 
the Main Sweep Delayed ('A Delayed 
by B’)* position, the trigger gate circuit 
can be armed either by depressing the 
Reset button or by a pulse from the delay 
pickoff circuit. Thus a sequence can be 
set up with a short main sweep and a 
longer delayed sweep, such that when 
both sweeps are triggered at the same 
time the main sweep will complete its 
cycle and lock out until the delayed 
sweep (through the delay pickoff) re- 
sets the trigger gate circuit; then the 
main sweep will accept one more trig- 
ger pulse and lock out until the Reset 
button is pressed. The details of this 
arc as follows: 

1. Set the Horizontal Display switch 
to Main Sweep Normal (A)*. 

2. Adjust Main Sweep (Time Base A)* 
for sweep time desired and adjust 
triggering controls to trigger in- 
ternally on the signal to be displayed. 

3. Reset the Horizontal Display switch 
to Main Sweep Delayed (‘A De- 
layed by B’)*. 

4. Set the Delaying Sweep Time/cm 
(Time Base B, Time/cm or Delay 
Time)* to a setting greater than the 



total time needed for displaying both 
main sweeps. (See note 1) 

5. Set the Delaying Sweep Delay-Time 
Multiplier (Delay-Time Multiplier)* 
to the desired delay time needed to 
arm the Main Sweep (Time Base A)* 
for its second sweep. 

6. Connect the -{-Gate Main Sweep 
( + Gate A)* to the Delaying Sweep 
Trigger or External Sweep In (Time 
Base B Trigger Input)* and set the 
Slope (Time Base B Trigger Slope)* 
switch to the 4- ( + Int.)* position. 

7. Adjust the Delaying Sweep (Time 
Base B)* Stability and Triggering 
Level controls to trigger on the lead- 
ing edge of the main sweep 4- gate. 
When this is properly adjusted it 
should be possible to get lock out 
after main sweeps. 

* (Captions in parenthesis apply to 
Types 535A and 545A instruments.) 

Note 1: The total delaying sweep time 
must be greater than the total time 
needed for displaying both main 
sweeps, otherwise the delaying sweep 
could be retriggered during the sec- 
ond main sw^eep which would allow 
continuous sweep operation. In the 
Type 535 and 545 the total delaying 
sweep time is limited to 10 msec/cm. 
If a total delaying sweep time in ex- 
cess of 10 msec/cm is required we 
suggest a K535-S1 modification kit 
(Tek 040-063) which gives a maxi- 
mum delay sweep range of 1 sec/cm. 
This kit is available for $40.00 in- 
cluding a new front panel. When 
ordering please specify the instrument 
type and serial number. 

Note 2: This double sweep type of opera- 
tion is applicable to all A to Z plug- 
in units, however the Type C-A unit 
can be used in the alternate position 
to observe a separate single sweep 
each of two signals which are dis- 
placed in time. The Type C-A unit 
is switched at the end of each main 
sweep when used in the alternate posi- 
tion. 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
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FIELD CONVERSION OF SOME 
TEKTRONIX OSCILLOSCOPES 
to Use Type 6DJ8 Tubes 

All type 6BQ7A electron tubes in Tek- 
tronix Type 531, 535, 541, 545, RM31, 
RM35, RM41, and RM45 may be replaced 
with their more reliable counterpart, the 
type 6DJ8, provided certain precautions 
are observed. These tubes have been 
substituted without making any circuit 
changes. Minor recalibration checks are 
required in some instances. In most 
cases better performance may be obtained, 
as well as much better reliability. 




“Raw-stock” tubes are used as replace- 
ments. The type 6DJ8 tube appears to 
have inherently good short-and-Iong-term 
stability. Also, the operating character- 
istics are very consistent between both 
sections and from tube to tube. It is 
anticipated that the need of aged and 
checked tubes in the several positions 
that now use aged and checked 6BQ7A’s 
will be eliminated with the change to 
6DJ8’s. 

An instruction sheet with a tube re- 
placement table covering this field con- 
version is available. Address your re- 
quest for these sheets to Field Communi- 
cations Department, Tektronix, Inc., P. 
O. Box 831, Portland 7, Oregon. Ask for 
FMR-115. 

EXCUSE US PLEASE 

The article appearing in the October 
issue of “Service Scope” under the title 
“Use of Types 535, 535A, 545, and 545A 
for Double Sweeps” contained a typo- 
graphical error. The last part of step 6 
should read; “.... and set the Slope 
(Time Base B Trigger Slope)* switch to 
the 4- ( -f Ext.)* position,” With this cor- 
rection the procedure should work. It 
did for us. 



* (Captions in parenthesis apply to Types 
535A and 545A instruments) 



THIS’N THAT 

Type 310 has a typical problem; 

When the high voltage power supply 
goes out of regulation, the vertical and 
horizontal gain or sensitivity is decreased. 
This has usually been caused by an open 
connection on the printed circuit board 
and almost always seems to be in the 
heater connection to V701A, a 12AT7 
tube. Usually it turns out to be a separa- 
tion of the solder from the copper strip 
on the printed circuit board at the tube 
socket. Visual inspection, of course, 
shows that V701A does not light up. 

Reports from Tektronix Field Engi- 
neers Geoff Gass and Marvin Crouch, 
indicate fast oscillograms are being taken 
with Agfa Isopan Record Film developed 
for 25 minutes in D76 at 68° F. Ken 
Davis in Portland informs us that de- 
veloping 26 minutes in D19 at 68° F., also 
gives excellent results. Measurements 
made by Ken indicate that at these de- 
velopments, Agfa Isopan Record has a 
writing rate about equal to that of Tri-X. 

Compensated Probes are no longer be- 
ing adjusted to the particular instrument 
with which they are shipped. Experience 
indicates that past practice of matching 
probes and instruments at time of ship- 
ment is not necessary or desirable. The 
probe compensation should always be ad- 
justed by the operator at the time he uses 
a probe with an instrument. A properly 
compensated probe 
is a necessity when 
accurate readings or 
measurements are 
desired. 

Quite a few 531 
manuals were ship- 
ped into the field 
showing pin 6 of 
V20 tied to 225 volts 
through R32. This 
was a typographical 
error in the 531 Man- 
uals. R32 should go 
to 350 volts. This 
error was reported 
in the serial number 
range about 9000. 



When adjusting C706 and C735 Trim- 
mer capacitors in the 575’s collector sweep 
circuit, be sure that the transistor adap- 
ter is in place. Tektronix Field Engineer 
Lee Cooper reports that the small amount 
of capacity introduced by the adapter re- 
sults in a different setting of the trim- 
mers. 

In early “R” units, some of the power 
transistors had what appeared to be un- 
workmanlike solder connections. The first 
power transistors used in the “R” unit 
did not have tinned leads so were very 
difficult to solder. Later transistors have 
tinned leads, and a good solder job is 
being done. 

QUESTIONS FROM THE FIELD 

1. Q. When using the very fast Polaroidf 
Land film, why do some exposures 
give a bright haze on the picture? 

A. When the CRT phosphors are ex- 
posed to ambient room light, the 
absorbed energy in the phosphor 
must be given sufficient time to 
decay. The new Polaroid t Land 
No. 47 film, faster than Tri-X, 
can give a bright haze on the pic- 
ture from the energy retained in 
the phosphor. 

2. Q. Can the Type 110 produce both 
positive and negative pulses? 

A, Yes. The operator can choose 
plus pulses or minus pulses from 
a plus or minus internal charging 
supply. (See tentative spec, sheet, 
“Pulse Polarity” knob selects plus 
or minus pulses.) Pulse widths 
may be identical or alternately dif- 

AIRFLOW WITH SCOPEMOBILE FAN KIT 




t Polaroid is a registered trademark of the Polaroid Corporation. 



Several customers have requested information on the volume 
of air provided by the Scopemobile Fan Kit modification when 
it is installed in the Type 500A Scopemobile. 

With the Scopemobile drawer in place the airflow is 84 c.f.m. 
With the drawer removed and a panel covering the drawer open- 
ing the airflow is increased to 94 c.f.m. These figures are with 
line voltage at normal. 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 

A-1093 








ferent. On “external”, the pulses 
may not only have alternately dif- 
ferent widths, but also different 
polarities if desired. 

3. Q. What is the vertical response of 

the 581 at the 3, 6, 9 and 12 db 
points with a sinusoidal input? 

A. Approximately: 3db down at 100 
me 

6 db down at 140 
me 

9 db down at 180 
me 

12 db down at 
200-250 me 

These values are approximate. 
The roll-off is not very smooth be- 
low the 9-12 db points, and any 
small termination bump in the 
vertical will give peaks and dips in 
responses above 200 me. and in 
some cases down as low as 100 me. 

4. Q. What tubes manufactured outside 

the U.S. do we use in our instru- 
ments? 

A. 12AT7, 12AX7~Telefunken. 

GZ34/5AR4, ECC88/6DJ8, 6360, 
6939, E180F/6688— Amperex 
12AU7 — Telefunken and Amperex 

5. Q. What shift in trace is permissible 

when changing the CA from a 
condition of having two traces, 
both centered, to the Added Al- 
gebraically position? 

A. Not more than 3-cm shift is allow- 
able. This can be adjusted by 
changing the vertical position and 
range (R4376). 

6. Q. Can the attenuators for the P80 

probe be stacked to provide less 
sensitivity than 5 volts/cm? Are 
there any larger attenuators in 
sight? 

A. At present, the attenuators for 
the P80 probe cannot be stacked. 
We are working on a lOx attenu- 
ator which has resistive and 
capacitive characteristics similar to 
the P80 probe. With this atten- 
uator, it will be possible to use any 
of the present attenuators, increas- 
ing their attenuation ratios by a 
factor of 10. It will be another 
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month or two coming, however. 

7. Q. What are the limiting factors in 
the vertical amplifier of a 545 with 
a C unit when you overdrive the 
amplifier with a pulse, and try to 
look at the top one-volt portion of 
the pulse which is in the order of 
260 volts in amplitude? I realize 
a differential method of making 
this measurement can probably be 
accomplished, but I am looking for 
limitations in the vertical amplifier. 

One of the reasons this question 
arises is the fact that you can posi- 
tion the top part of this pulse to 
the center of the CRT. 

A. One of the Staff Engineers ran a 
test on this, and found a signal 
that filled the graticule twice, 8 cm 
in amplitude, caused some distor- 
tion. He used a square wave from 
a Type 105. 

CATHODE-FOLLOWER PROTECTION 
FOR TYPE 524AD OSCILLOSCOPE S/N 
5001-5899 

When the instrument is first turned 
on an excessive voltage exists between 
the grid and cathode of the cathode-fol- 
lower sections of V23 and 24. A modifi- 
cation is recommended for all Type 524- 
AD instruments, S/N 5001-5899. 

Two NE2 neon bulbs are installed 
which will ignite for several seconds when 
the instrument is first turned on. This 
will hold the grid-to-cathode voltage to 
a reasonably safe value until the instru- 
ment is warmed up and in operation. 
These neon bulbs are available from your 
local electronic supply sources. 

Procedure: 

( ) 1. Remove the right and left side 
panels. 

( ) 2. Locate V23 (6BQ7) near the cen- 
ter of the VA chassis. 

( ) 3. Locate ceramic turret near V23 
on which is mounted C31. This 
capacitor is a variable compression 
type which has large eyelets on 
both terminals. 

( ) 4. Place the glass tip of one of the 
new neon bulbs in the lower hole 
of C31 so that the leads may 
be soldered to pins 7 and 8 of 



V23. Designate this neon bulb 
B77. 

( ) 5. Locate V24 and repeat the pro- 
cedure with the second neon bulb, 
placing the neon bulb tip in the 
corresponding eyelet of C28 and 
soldering the leads to pin 7 
and 8 of V24, Designate this neon 
bulb B78. 

( ) 6. Add the parts list to your instruc- 
tion manual and add the neon 
bulb symbols to your schematics 
diagram. 




DtAGRAM FOR THE 524AD VERTICAL AMPLI- 
FIER IS INCORRECT. IT SHOWS THIS TUBE 
AS VZ4A INSTEAD OF VZ4B. 

USED INSTRUMENTS WANTED 



Type 532/B 


George Peterson 
The Aircraft Instru- 
ment Co. 

King of Prussia Rd. 
Radnor, Pa. 


Type 512 or 


Allen W. Kurtz 


514 


International Elec- 
tronics Mfg. Co. 

515 East Grand Ave. 
Springfield, Ohio 


Type 514 or 


Patrick Close 


515 


Westgate Laboratories 
Box 63 

Yellow Springs, Ohio 


Type 531 or 


Rex V. Johnson 


535 with B 


39 Newell Avenue. 


or C Plug- 


Had don field. New 


In Unit 


J ersey 


Type 531 or 


0 . Kienow 


535 or 541 


5813 E. 19th Street 


or 545 


Tucson, Arizona 


One of the 


engineers of Maico Co. 



would like a 3” scope for his basement 
lab. Tek, Minneapolis will act as go- 
between. 
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DOES THE SQUARE WAVE RESPONSE 
OF YOUR SCOPE LOOK LIKE THIS? 
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Fig. 1 



OR LIKE THIS? 
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Fig. 2 



Unless the squarewave response of your 
scope resembles the waveform shown in 
Fig. 2. . . .better keep reading! 

A condition known as cathode interface 
can gradually develop in the vertical am- 
plifier tubes of any oscilloscope, causing 
degeneration of medium and low frequen- 
cies .... leaving an overshoot on the lead- 
ing edge of fast-rise (2 fisec or less) 
squarewaves (see Fig. 1). 

Low frequency degeneration is caused 
by the series resistance (50 ohms or 
more) of an interface layer of chemical 
impurities that forms between cathode 
sleeve and the barium oxide cathode 
coating. 

Leading edge overshoot is caused from 
the by-passing effect of the capacitance 
(.005/if or greater) between oxide coating 
and cathode sleeve. 

NOTE: In a true sense, this is not a 

pure capacitance, as the electronic action 
within the interface layer (serving as the 
dielectric) is highly complex. 

The rate at which an interface layer 
forms within a tube is a function of cath- 
ode temperature, number of hours the 
tube is used, average cathode current, and 
the amount of impurities originally pres- 
ent in the cathode sleeve material. For 
example, high cathode temperature, long 
hours of operation, a high percentage ot 
impurities in the nickel used to make the 



cathode sleeve, and a low cathode cur- 
rent flow will hasten the formation of the 

impurities layer in many tubes the 

time required is less than 500 hours. 

However, a sizable current flow through 
the tube tends to minimize the effective 
formation of an interface layer by pene- 
trating the accumulated impurities with 
random low resistance current paths 
(holes) between nickel sleeve and barium 
oxide coating. 

Evidently, interface will manifest itself 
in any instrument employing vacuum 
tubes to either display or generate fast- 
rise square waves. We can assume that 
since a tube in operation can form an 
interface layer in less than 500 hours, 
instruments in operation 8 hours a day 
should be checked for evidence of this 
defect every 30 to 60 days, or at least 
every 500 hours of operation. 

To check the vertical amplifier of an 
oscilloscope for indications of cathode in- 
terface, feed in a fast-rising square wave 
of about 500 kc. Set the sweep rate to 
display several cycles. If an overshoot 
of about Y 2 microsecond time constant is 
apparent, some of the vertical amplifier 
tubes have probably developed cathode 
interface. For absolute proof, plug the 
oscilloscope into an ac power source with 
a variable control. An increase in the 
output voltage of the power source will 
increase heater voltage and reduce over- 
shoot caused by cathode interface. A 
decrease in the output voltage of the 
power source will decrease heater voltage 
and increase overshoot due to cathode in- 
terface. 

The only cure for the problem caused 
by cathode interface is replacement of the 
offending tubes. 

The entire instrument should be check- 
ed and recalibrated at least every six 
months. Only through periodic main- 
tenance, can the full usefulness, accuracy, 
and dependability built into Tektronix 
oscilloscopes be realized. 

Earl Anderson 
Customer Service Staff 
Tektronix, Inc. 



MEASURING MAGNETIC FIELDS 




terested in the measuring of magnetic 
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fields, is the article “Wavemeter, Oscil- 
loscope Measure Magnetic Field By 
Paramagnetic Resonance”. This informa- 
tive article, which appeared in the Decem- 
ber 1959 issue of ELECTRICAL DE- 
SIGN NEWS, claims an accuracy of 
±0.06 percent in measuring the gap flux 
density of a magnet by the method de- 
scribed in the article. A further advan- 
tage claimed for this new technique over 
conventional methods is the speed with 
which these measurements can be made. 

TYPE 502 TRIGGER AMPLIFIER 
TUBE PROTECTION 

Here is a simple modification to pro- 
tect the Type 502 trigger amplifier tube 
(V24) from high amplitude signals when 
used with external trigger input. 

Locate RIO, a 1-meg, J/ 2 -watt, 10% 
resistor. This resistor runs from ground 
to a point on the TRIGGER SELEC- 
TOR switch. From this point a wire strap 
connects to the PLUS-MINUS switch. 
Replace this strap with a 470-k, J/l-w, 
10% resistor shunted by a .001 -/if, 500-v 
discap. 

Type 502’s with serial numbers above 
623 do not require this change. 

SUGGESTED READING 

For an excellent discussion on the con- 
nection between bandwidth and frequency 
response, composition of rise-time and 
other details associated with square W'ave 
testing, see Vol. 18, Radiation Labora- 
tory Series, “Vacuum Tube Amplifiers” 
(McGraw-Hill) 



HOT SCOPE! 

Tektronix Field Engineer Hal Dosch 
reports he has received word from Naval 
Intelligence that a Tektronix Type 515A 
Oscilloscope, S/N 3645 is missing from 
the U.S. Navy Electronics Laboratory at 
San Diego and has apparently been 
stolen. 

If you should see this instrument, 
know of its whereabouts, or have any in- 
information regarding it, contact the 
nearest office of the Naval Intelligence 
Department immediately. 

TYPE 536 AMPLIFIER MODIFICATION 

A modification kit, to convert the type 
5894 tubes in the Type 536 vertical and 
horizontal circuits to type 6340’s is avail- 
able. This conversion, which provides 
improved reliability and simplifies tube 
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replacement, is applicable to instruments 
with serial numbers below 615. Instru- 
ments with serial numbers above 614 
have been factory converted to use the 
type 6340 tubes. The kit contains: two 
wired tube socket mounting-plate assem- 
blies, one step-by-step check-off instruc- 
tion booklet with photos, schematic and 
parts list, all other components and hard- 
ware required in the conversion. 

Ask your Tektronix Field Engineer for 
Type 536 VA-HA Tube Conversion Mod- 
ification Kit No. 040-192. 



OSCILLOSCOPE PHOTOGRAPHY 




A bulletin intended as a practical guide 
to the photography of traces on the 
cathode-ray tube of Tektronix 5-inch 
oscilloscopes is available. This is a re- 
vised and up-dated edition of a former 
bulletin many oscilloscope users found 
helpful. Suggestions are offered and some 
of the topics discussed are: Polaroid- 

Land'*' films, exposure guides and how to 
photograph different types of traces. 

Ask your Tektronix Field Engineer for 
FI P-3, “Notes on The Practical Photog- 
raphy of Oscilloscope Displays.” 

^Polaroid is a registered trademark of 
the Polaroid Corporation. 

THIS ’N THAT 

Occasionally the graticule studs on a 
Tektronix 5” oscilloscope work loose. 
You can replace these with a tapped stud 
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Ask your 


Tektronix Field Engineer for 


Tek No. 


Description 


Price 


355-043 


Replacement graticule 
stud 


N/C 


212-507 


Screw, 10-32x3/8”BHS 


N/C 


210-010 


Lockwasher 


N/C 



We do not recommend the operation of 
a Tektronix Plug-In Oscilloscope with 
the side panels removed. The fan will not 
distribute air properly to the plug-in pre- 
amplifier area when the side panels are 
not in place. Continued operation of the 
instrument under these conditions will de- 
crease tube reliability. 

Sometimes on the older Type 524 in- 
struments it is difficult to time the .1 
/tsec/cm sweep range. Tektronix Field 
Engineer Hal Dosch offers this sugges- 
tion to correct the difficulty: Be sure the 
horizontal sweep amplifier is properly 
compensated. Then, if adjusting the vari- 
able capacitor C231A will not bring the 
.1 /isec/cm sweep into range, try reducing 
or shorting out R274. This 1.5-k, ^-w, 
10% resistor is in series with C231A. 

USED INSTRUMENTS WANTED 



1 Type 524 


Larry Hine 

120 Elmwood Place 

Shearill, N. Y. 


1 Type 310 


J. M. Gottschalk 


or 310A 


108 Charles Drive B-2 
Bryn Mawr, Penn. 


1 Type 541 


D. A. Nina 


or 541A and 


Elion Instruments 


CA Plug-in 


701 Canal Street 


Unit 


Bristol, Pa. 


1 Type 515A 


Jack Holcomb 


or 503 


MacLeod Instrument 
Corp. 

Micro-Dyne Division 
4250 N.W. 10th Avenue 
Ft. Lauderdale, Fla. 
Phone: LO. 4-8518 



1 Type 515 Norm Haugen 
or 535/CA Communitronics 

2012 Longwood Road 
West Palm Beach, Fla. 
Phone: TE, 3-8320 

1 Type 530 John Sutherland 



Series or 
preferably 
540 Series 


2706 21st Avenue S. 
Seattle, Wash. 


1 Type 524 


James Scharman 
Alvarado TV Co., Inc. 
Albuquerque, New Mexico 


1 Type 514 


H. L. Ziegler 
275 Middle Street 
East Weymouth, Mass. 


1 Type 511 
or 514 


Jim Williams 
4424 Juniper Avenue 
Wichita 16, Kansas 


1 Type 514 


E. J. Crossen 
81 Cherry Lane 
Levittown, Penn. 


1 Type 514 
or 531 


Herbert L. Rosenblatt 
Dept. 694, Burroughs 
Corp. 

Great Valley Labs. 
Paoli Penn. 


1 Type 514 
or 531 


H. Stuart Dodge 
Reliability Dept. 
Burroughs Corp. 



Great Valley Labs, 
Paoli, Penn. 



USED INSTRUMENTS FOR SALE 



2 Type 
511AD 
S/N 3690 
and 3692 



C. W. Penque 
Sperry Products Co. 
Danbury, Conn. 



1 Type 511A 
S/N 4544 



Larry Garcey 
Electronic Transiston 
North Bergen, New Jersey 



1 Type 515A Gilbert Levy 
S/N 22y8 Semi-Con Electronics 
River Road 

Edgewater, New Jersey 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument- Repair facilities. 
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VERTICAL AMPLIFIER TUBE PROBLEM 

The Type 541A, 543. 545A, 551, and 
555 instruments use 6DK6 vacuum tubes 
in the distributed-amplifier section of 
their vertical-deflection circuits. Most 
6DK6 tubes develop cathode interface 
after a few hundred hours of operation in 
these circuits. Tests made at our factory 
(and in the field) have shown that cer- 
tain commercially-available 6DK6’s, when 
used in these circuits, develop somewhat 
less cathode-interface resistance. If you 
are having trouble with one of the above 
instruments, we suggest a call to your 
local Tektronix Field Engineer. He will 
be glad to help you pin-point the trouble 
and suggest recommended corrective mea- 
sures. 



TYPE 535/545 DELAYING 
SWEEP-RANGE 
MODIFICATION KIT 

The sweep delay available in a Type 
535 or 545 oscilloscope can be increased 
one hundred fold. A modification that 
extends the upper limits of the sweep 
delay to 10 seconds (upper limit of origin- 
al equipment is 0.1 second) is available 
in kit form. The desirable feature of 
continuous calibrated adjustment has 
been retained and any period of delay 
from 1.5 microsecond to 10 seconds can 
be accurately selected. 

The modification is accomplished by 
replacing the standard 2 microsecond/cm 
to 10 millisecond/cm delaying-sweep 
range with a 3 microsecond/cm to 1 sec- 
ond/cm range. 

This modification applies only to the 
Type 535 and Type 545 instruments — all 
serial numbers. The Types 535A and 
545 A instruments come equipped with a 
2 microsecond/cm to 1 second/cm de- 
laying- sweep range. 

The modification kit contains a wired- 
switch assembly, step-by-step instructions, 
photos, schematic and parts list. Order 
through your Tektronix Field Office. Ask 
for Type 535/545 1 second/cm Delaying 
Sweep- Range Modification Kit, Tek num- 
ber 040-179. Price is $30.00. 



THIS’N THAT 

In Tektronix instruments, a special sil- 
ver-bearing solder establishes the bond to 
the ceramic terminal strips. Repeated use 



of ordinary solder or the application of 
too much heat will break this bond. 

We recommend the use of a solder con- 
taining about 3% silver when soldering 
on Tektronix instruments. This type of 
solder is often used in printed circuitry 
and should be readily available from 
your local supply source. If you exper- 
ience difficulty in obtaining this solder, 
it may be ordered through your Tektronix 
Field Office. Ask for Tektronix number 
251-514 Solder, Silver Bearing 1# spool 
(3% silver). Price $4.50. 



The fan motors of most Tektronix in- 
struments should be oiled periodically 
(sec the maintenance section of your 
instruction manual). A couple of drops 
on the end of a tootlipick is sufficient. A 
good suggestion would be to oil the 
motor every time the air filter is cleaned. 
If the air cleaner is never cleaned, you 
can oil the new motor you install! 

AN INEXPENSIVE COATING FOR 
WORK BENCH SURFACES 

Jack Bannister, a Tektronix Field 
Maintenance Engineer, has sent in a sug- 
gestion lor improving the surface of a 
work bench. He coated his bench top 
with an epoxy resin. In addition to be- 
ing easy to keep clean, the resin wears 
away at a much slower rate than mason- 
ite and keeps one from gouging a hole 
in the work bench when turning instru- 
ments — especially the older square-cor- 
nered ones — over. 

Jack first faced the front of his bench 
with wood to eliminate a metal rim and 
then put the resin over this wood also. 
The resin sticks well to masonite, wood, 
painted metal and plastic wood. Be sure 
the plastic wood is completely dry before 
the resin is applied, otherwise the resin 
tends to stay soft over it. The material 
to be covered should be clean and free 
of wax. All cigarette or soldering-iron 
burns should be sanded down to clean 
material — the resin doesn’t want to stick 
to charred surfaces — and any holes, 
gouges, or indentations filled with plastic 
wood. Care should be used in this phase 
as the resin is clear, slightly amber in 
color and tends to accentuate any messy 
work. Work the resin in well. It has a 
tendency to not stick to the surface while 
it is liquid and working it into the surface 
helps to overcome this fault. Once dry 
it adheres very well. A quart provides a 
two coat finish for a 6' x 3' bench top 



and the completed surface will be 
smoother if you sand a bit between 
coats. 

Surface coat, the desirable type of resin 
for this work, is made by several com- 
panies. Your supplier can provide you 
with measured amounts of resin and cat- 
alyst as well as a 2 ” inch brush to apply 
tiie coating. The brush should have a 
special resin-resistant glue to hold the 
bristles. 

Cost of the resin, catalyst and brush to 
do Jack’s job was $5.50. 



SILICON RECTIFIER MOD KITS 

Below is a partial list of the currently 
available silicon rectifier field modification 
kits. These kits replace the selenium 
rectifiers in the low-voltage power sup- 
ply of some Tektronix instruments with 
the silicon type rectifiers. These more 
reliable rectifiers give longer service and 
the kits are designed to be installed with 
a minimum of effort. 

Each kit contains a prewired chassis 
with silicon rectifiers mounted, step-by- 
step instructions, photos, schematic and 
parts list. 

We strongly recommend that you place 
your order for these kits through your 
Tektronix Field Engineer. He can apply 
the special considerations necessary when 
ordering some of the kits and thus assure 
you speedy delivery of the correct kit for 
your instrument. 

Type 310 Oscilloscope, all serial num- 
bers below 7141. Order Tektronix Type 
310 Silicon Rectifier Modification Kit, 
Tek number 040-195. Price: $40.00. 

Type 513 Oscilloscope, all serial num- 
bers. Order Tektronix Type 513 Silicon 
Rectifier Mod Kit, Tek number 040-211. 
Price: $30.00 

Type 515 or 515A Oscilloscopes, serial 
numbers below 4030. Order Tektronix 
Type 515/515A Silicon Rectifier Mod Kit, 
Tek numlDer 040-205. Price: $24.00. 

Type RM15 Oscilloscope, serial num- 
bers below 756. Order Tektronix Type 
RM15 Silicon Rectifier Mod Kit, Tek 
number 040-208, Price: $35.00. 

Type 524 Oscilloscope. There are spec- 
ial considerations to be made when or- 
dering a silicon rectifier for this instru- 
ment. Consult your Tektronix Field En- 
gineer before placing your order. 



Type 525 Television Waveform Moni- 
tor, serial numbers below 526. Order 
Tektronix Type 525 Silicon Rectifier Mod 
Kit, Tek number 040-207, Price: $28.00. 

As previously stated, this is but a 
partial list of the available silicon rectifier 
modification kits. Contact your Tektronix 
Field Engineer for information on in- 
struments not included in this list. 



IMPROVED TRIGGERING LEVEL 
CONTROL WHEN TRIGGERING FROM 
EXTERNAL WAVEFORMS 

The TRIGGERING LEVEL control 
of a Type 530 Series, a Type 540 Series, 
or a Type 551 Oscilloscope becomes ex- 
tremely sensitive when the instrument is 
triggered externally from very low ampli- 
tude signals. To some, the ability to 
trigger reliably from these signals is im- 
portant. More so than the ability to range 
through the positive or negative slope of 
relatively large signals. For these people, 
Tektronix Field Engineer, John Mulvey, 
suggests the following modification: Lo- 
cate, on the TRIGGERING MODE- 
TRIGGER SLOPE switch a 56 k, 1/2 w, 
10% resistor and a 0.001 (li, 500 v capaci- 
tor, These are designated on the Type 
531, 535, 541, and 545 schematics as R19 
and C17; on the Type 533, 543, and 551 
schematics as R21 and C20; and on the 
Type 532 schematic as R319 and C317, 
Jumper the top of the resistor to the top 
of the capacitor. This reduces, by almost 
10 to 1, the sensitivity of the TRIGGER 
LEVEL control to low-amplitude exter- 
nal signals. A switch can be wired in the 
jumper to allow the operator to select 
the correct triggering-level range for the 
external triggers being used. 

This modification applies only to the 
instruments in the Type 530 and 540 
Series and to the Type 551. The Type 
531A, 535A, 541A, 545A, and 555 trigger 
reliably on external signals of from 0.2 v 
to 10 V. 



USED INSTRUMENTS FOR SALE 




1 Type Pennon Electronics, Inc. 

511 AD Ser. 7500 South Garfield Ave. 
#5160 Bell Gardens, California. 

1 Type 513D Bill Johnson 

Ser. #691 Station WPG A-TV, 
Ch. 17 

Mermaid Lane 
Philadelphia 18, Penn. 



1 Type 531 
Ser, #114 
with 

1 Type C 
Plug-In 
Unit Ser. 
#116 

1 Type 53D 
Ser. #118 



Dr. Harry Williams 
Pharmacology Department 
Emory University 
Atlanta, Georgia 



1 Type 53/- Argonaut 
54C Ser. Attn: Ken Mollenauer 

#7414 250 Middlefield Road 

Menlo Park, California. 



INSTRUMENTS TO TRADE 

1 Type 532 John Kimber 

wants a Transitron Electronics 

Type 575 Denver, Colorado 

He is willing to pay some additional 
for the Type 575. 



USED INSTRUMENTS WANTED 

6 Type 514’s DeVry Technical Institute 
or 524’s Brendan Hawkins 

4141 W. Belmont Ave. 
Chicago, 111. 

1 Type 524 or Robert Breed 
any Tek- P. O. Box 372 
tronix Camden 1, New Jersey 

Wide-Band 
(10 MC) 
scope 

1 Type 530 or L.F. Gilbert 
540 Series Bailey Meter Company 
Price $300 1040 Ivanhoe Road 

to $400 Cleveland 10, Ohio 
(condition 
no object) 

1 Type 517 Warren F. Stubbins 

University of Cincinnati 
Eden and Bethesda Ave. 
Cincinnati 21, Ohio 



TROUBLE-SHOOTING HINT 

If you are troubled by an erratic trig- 
gering problem in your Type 316 Oscillo- 
scope that has defied your efforts to cor- 
rect it, you might consider the following 
information. 

Tektronix Maintenance Engineer Joe 
Vistica, when confronted with this pro- 
blem, determined that the trouble was 
caused by about 5 to 10 mv of 60 cycle 
ripple between the sub -panel and the 
sweep chassis. He eliminated the problem 
by removing the front panel and sub-panel 
and sanding the sub-panel, sweep 
chassis and vertical chassis at their 
points of contact with each other. Disas- 
sembly, sanding and reassembly required 
about 21/2 hours. Joe says, “I am happy 
to report that after all this the instrument 
worked perfectly.” 



CORRECTION 

A typographical error slipped past the 
“not so” eagle eye of your editor in the 
August issue of SERVICE SCOPE. In 
the article “Type 536 Amplifier Modifi- 
cation”, the tube type number 6340 should 
read 6360. 



TYPE 524D OR 524AD TRANSFORMER 
MODIFICATION KIT 




Early models of the Type 524D and 
524AD (instruments with serial numbers 
below 5729) used 6X4 rectifier tubes in 
their low-voltage power supply. An in- 
ternal short developing in this tube could 
cause a current surge through the trans- 
former that would damage the transfor- 
mer and require its replacement. A fuse 
resistor can be installed in the plate leads 
of the 6X4 tubes to prevent this damage. 
A modification kit containing schematics, 
instructions and necessary components to 
make this installation is available. Ask 
your Tektronix Field Engineer for Type 
524D or 524AD Transformer Protective 
Modification Kit, Tek number 040-196. 
There is no charge for this kit. 



FLASH! 

HOT SCOPES! 

We have just received word from the 
Bendix Computer Division of Bendix 
Aviation Corporation that Tektronix Type 
310 Oscilloscopes have apparently been 
stolen from three of their field engineers. 
Instruments with serial numbers 10415 
and 10867 disappeared from the Chicago 
area and one with serial number 11735 
from the Kansas City, Missouri area. If 
you have any information on these instru- 
ments contact Harvey W. Renfeldt, Cus- 
tomer Engineering Computer Division, 
The Bendix Corporation, 5630 Arbor 
Vitae Street, Los Angeles 45, Calif. 

Any Tektronix instrument offered for 
sale without a serial number or one that 
shows signs of attempts to alter or re- 
move the serial number should be viewed 
with suspicion. If you have an instrument 
with these indications, contact your local 
Tektronix Field Office. In most instances 
there are ways to trace the instrument 
and determine if it has been stolen or not. 




TEKTRONIX OPENS TWO NEW FIELD 
OFFICES 

With the opening of two new field of- 
fices, the services offered by a Tektronix 
Field Office have been made more con- 
veniently available to people in the In- 
dianapolis, Indiana area and in the section 
of California composed of Santa Maria, 
Vandenberg Air Force Base and the San 
Fernando Valley areas. The office serv- 
ing this California area is located in En- 
cino. 



The Indianapolis Office is located at 
3937 North Keystone Avenue, Indian- 
apolis 5, Indiana. The phone number is 
Liberty 6-2408 or 6-2409. At this location 
you can call on Tektronix Field Engineer 
Ted Anderson or Field Secretary Ann 
Dollars to avail yourself of the field ser- 
vices. 

Fort 

' ’ Wayne 

Lafayette 

• Indianapolis 



*Terre Haute 




The Encino Office is located at 17418 
Ventura Boulevard, Encino, California. 
A phone call to State 8-5170 will put you 
in touch with Tektronix Field Engineers 
Duncan Doane, Jim Cook, or Field Sec- 
retary Phyllis Worth. This staff will 
gladly assist you in matters pertaining to 
Tektronix instruments or services. 




TIMING IN A “PINCH” 



CRT 







60 CPS 





TRtGGERINO 

LEVEL 



The following method may be used to 
adjust the sweep timing in any Tektronix 
oscilloscope which has a variable sweep- 
time control and triggering-level control. 
The oscilloscope itself is the only instru- 
ment used in making this adjustment. 

The 60-cycle line frequency and the trig- 
ger circuit are used to establish a time 
reference. Set the TRIGGER SLOPE 
control to + or — LINE and the TRIG- 
GERING MODE control to AC or DC. 
Using a probe, connect the output of the 
trigger circuit to the vertical input and 
set the TIME/CAI and VARIABLE 
TIME/CM to display one cycle in 10 cm 
of graticule length (see Fig. 1). With 
the TRIGGERING LEVEL control, ad- 
just the display until the first portion 
(negative half cycle) occupies 4.8 cm of 
graticule length (see Fig. 2). This estab- 
lishes a time reference of 8 milliseconds. 




Figure 2 



Now that the time reference has been 
set up, turn the VARIABLE TIME/ 
CM to the CALIBRATED position, set 
the TIME/CM control to the 1 milli- 
second position and adjust SWP CAL 
control so that the first half cycle of the 
display covers 8 centimcter.s — between the 
2nd and 9th vertical graticule lines (see 
Fig. 3). 




Figure 3 

NOTE: This method is not recom- 

mended except in instances where an ac- 
curate time mark generator such as the 
Tektronix Type 180 is not available. See 
your Tektronix Field Engineer for a copy 
of the factory recommended calibration 
procedure. 

Mike Nash 

Customer Service Staff 

Tektronix, Inc. 

A HELPING HAND 

Tektronix Field Engineers are in daily 
contact with users of cathode-ray oscil- 
loscopes in almost all branches of in- 
dustry and research. These contacts af- 
ford a continually varying experience in 
oscilloscope uses and applications. For 
help with an oscilloscope problem that 
has defied your efforts at solution or one 
that you feel may have a better solution, 
consult the Tektronix Field Engineer in 
your area. He is no farther away than 
your telephone and he may have the an- 
swer to your problem. In any event he 
will be happy to consult with you and 
show how to use Tektronix instruments 
to their fullest capabilities. 

CHANGE IN STANDARD P2 PHOSPHOR 

A new imi)rovcd-typc phosphor is now 
used in all Tektronix cathode-ray tubes 
calling for a P2 phosplior. This new 
Type P2 phosphor can be distinguished 
by its blue fluorescence. The older P2 
phosphor, as you will recall, fluoresced 
green. 

The primary reason for the phosphor 
change was to improve the writing rate 
of the tubes. The new P2 phosphor has 
a writing rate approximately 75% that 
of the PIL 

Even though the new Type P2 phos- 
phor decays to U)% of full brightness in 
only 2 milliseconds (compared to about 
100 milliseconds for the old type), the 
long-term persistence components of the 
two types have nearly the same energy. 
Fu thermo re, the brightness of the new 
phosphor is much better than the old. 

There arc' two peaks in spectral re- 
sponse of the new phosphor. A major 
peak occurs at 5300 Angstrom units 
(0.5300 micron) and a minor peak occurs 
at 4500 Angstrom units (0.4500 microns). 

One other desirable characteristic of the 
new phosphor: it has distinct advant- 

ages for oscilloscope photography. 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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Tektronix, Inc., P.O. Box 500 Beaverton, Oregon 

Telephone; Mitchell 4-01 61 TWX— BEAV311 Cable: TEKTRONIX 

AN OREGON CORPORATION 

Field Engineering Offices 



ALBUQUERQUE'*' Tektronix, Inc., 509 San Mateo Blvd. N. E,, Albuquerque, New Mexico. . . .TWX — AQ 96 AMherst 8-3373 

Southern New Mexico Area: Enterprise 678 

ATLANTA* Tektronix, Inc., 3272 Peachtree Road, N. E., Atlanta 5, Georgia TWX — AT 358 CEdar 3-4484 

BALTIMORE* Tektronix, Inc., 724 York Road, Towson 4, Maryland TWX — TOWS 535 VAIley 5-9000 

BOSTON* Tektronix, Inc., 442 Marrett Road, Lexington 73, Massachusetts TWX — LEX MASS 940 Volunteer 2-7570 

BUFFALO Tektronix, Inc., 961 Maryvale Drive, Buffalo 25, New York TWX — WMSV 2 NF 3-7861 

CHICAGO* Tektronix, Inc., 400 Higgins Road, Park Ridge 15, Illinois PK RG 1395 TAlcott 5-6666 

CLEVELAND Tektronix, Inc., 1503 Brookpark Road, Cleveland 9, Ohio TWX — CV 352 FLorida 1-8414 

Pittsburgh Area: ZEnith 0212 

DALLAS* Tektronix, Inc., 6211 Denton Drive, P. O. Box 35104, Dallas 35, Texas. . . .*TWX — DL 264 FLeetwood 7-9128 

DAYTON Tektronix, Inc., 3601 South Dixie Drive, Dayton 39, Ohio.... TWX — DY 363 AXminster 3-4175 

DENVER Tektronix, Inc., 2120 South Ash Street, Denver 22, Colorado TWX — DN 879 SKyline 7-1249 

Salt Lake Area: Zenith 381 

DETROIT* Tektronix, Inc., 27310 Southfield Road, Lathrup Village, Michigan. ..TWX — SFLD 938 ELgin 7-0040 

ENDICOTT* Tektronix, Inc., 3214 Watson Blvd., Endwell, New York TWX — ENDCT 290 Pioneer 8-8291 

GREENSBORO Tektronix, Inc., 1 838 Banking Street, Greensboro, North Carolina .... TWX — GN 540 BRoadway 4-0486 

HOUSTON Tektronix, Inc., 2605 Westgrove Lane, Houston 27, Texas TWX — HO 743 MOhawk 7-8301, 7-8302 

KANSAS CITY Tektronix, Inc., 5920 Nall, Mission, Kansas TWX — MSN KAN 1112 HEdriclc 2-1003 

St. Louis Area: ENterprise 6510 
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TIMING THE TYPE 530A/540A 
SERIES OSCILLOSCOPES 

Here is a procedure that will save the 
technician, generally familiar with the 
Type 530A/540A Series Oscilloscopes, 
considerable time when calibrating the 
sweep circuits of these instruments. This 
procedure is not recommended for the 
technician attempting such calibration 
for the first time. Technicians in this 
category will do well to adhere to the 
instructions as outlined in the factory rec- 
ommended calibration procedure, copies 
of which can be obtained through your 
Tektronix Field Engineer. 

This procedure requires the use of a 
Tektronix Type 180A Time-Mark Gen- 
erator or any other frequency generator 
accurate to within 1%. Remember, while 
timing, position top of marks near the 
graticule horizontal center line and focus 
carefully. 

Mechanically presetting of the controls 
as shown in the sketch is the key to 
saving time in this shortcut procedure. 
Positions of the controls after final ad- 
justment will not vary appreciably from 
those shown in the diagram unless tubes 
or other components are not up to stand- 
ard. Substandard tubes or components 
should be located and replaced. 

The sketch as shown looks into the 
instrument with the side panel removed 
and from a position to the right and 
slightly above the instrument. 

After setting the SWP. CAL. and 
MAG. GAIN in the normal manner, 
mechanically preset the identified con- 
trols as shown in the sketch. See Fig. 1. 




Fig. 1. 



Step 1 Set the TIME/CM switch to 
.1 mil li sec/cm, 5X MAGNIFI- 
ER to ON. Apply 10 fisec mark- 
ers to the VERTICAL INPUT. 
Place first mark near the center 
vertical graticule line. Rotate 
the TIME/CM switch between 



the .1 millisec and the 50 /isec 
positions and adjust C330 for no 
shift of the start of sweep. 

Step 2 Set 5X MAGNIFIER to OFF, 
TIME/CM switch to 10 /isec/cm. 
Apply 10 fiscc markers to VER- 
TICAL INPUT. Position start 
of sweep on first vertical graticule 
line and adjust C160E for one 
mark per centimeter between the 
second and tenth vertical graticule 
lines, (disregard the first and 
tenth centimeter divisions). See 
Fig- 2. 
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Fig 2. 

Step 3 Set TIME/CM switch to 1 

/isec/cm. Apply 1 /isec markers 
to the VERTICAL INPUT and 
adjust C160C for one mark per 
cm between the second and tenth 
vertical graticule lines. 

Step 4 Set TIME/CM switch to .5 

gsec/cm. Apply 1 ^sec markers to 
VERTICAL INPUT. Adjust 
C160A for 1 mark per 2 cm using 
the third and ninth vertical grati- 
cule lines. See Fig. 3. 




Fig. 3. 



Step 5 Set TIME/CM switch to .1 
/isec/cm. Applv a 10 me sine 
wave to VEirriCAL INPUT. 
Applv 10 /isec markers to the 
TRIGGER INPUT. Set TRIG- 
GER SLOPE switch to + or — 
EXT. Adjust C348 for one cycle 
per cm between the second and 
tenth vertical graticule lines (C375 
should not be adjusted at this 
time). 

Step 6 Set TIME/CM switch to .5 
gsec/cm. Applv a 50 me sine 
wave to VEirriCAL INPUT. 
Applv 10 fisec markers to the 
TRIGGER INPUT. Set TRIG- 
GER SLOPE to + or — EXT. 
Place start of trace on first verti- 
cal graticule line. Turn 5X MAG- 
NIFIER to ON. Adjust C384 
for maximum space between cy- 
cles of the display. Now adjust 
C364 precisely for one cycle per 
cm between the second and tenth 
vertical graticule lines. If timing 
will not adjust precisely, reverse 
the order of adjustment of C3S4 
and C364 above. If this does 
not allow accurate timing, inter- 
change the two horizontal- 
output 6DJ8 tubes. As a last 
resort try replacing one at a 
time the 6DJ8 output tubes. If 
the instrument still will not come 
into adjustment, refer to the 
trouble shooting section of the 
particular instrument’s instruction 
manual. 

Step 7 Using the HORIZONTAL 
POSITION control, place the 
“fifth cycle in” from the left hand 
side of the trace on the second 
vertical graticule line and observe 
the timing between the second 
and tenth vertical graticule lines. 
Tolerance is 3%, Check the right 
hand side of the sweep in the 
same manner using the “fifth from 
last cycle” and placing it on the 
tenth vertical graticule line. 

This procedure is used to good ad- 
vantage by the Field Training and Cus- 
tomer Training Department here at the 
factory in their training course. VVe are 
indebted to Tom Smith of this depart- 
ment for the procedure and for his as- 
sistance in bringing it to you. 

TYPE 517 SWEEP LOCKOUT 
MODIFICATION KIT 

The Sweep Lockout feature, standard 
on all Type 517A Oscilloscopes, can be 






added to your older model Type 517 in- 
struments. Installation of the Type 517 
Sweep Lockout Modification Kit will 
accomplish this. This feature makes pos- 
sible the study of one-shot phenomena 
with the Type 517 Oscilloscopes. All 
Type 517 instruments with serial numbers 
above 926 will accept this modification. 
Type 517 instruments below serial num- 
ber 926 require the installation of another 
modification (Duty Cycle Limiter Mod*) 
before the Type 517 Sweep Lockout 
Modification can be installed. 

The Type 517 Sweep Lockout Mod Kit 
contains the necessary components, wired 
chassis, step-by-step instructions, sche- 
matic, photos and parts list. 

Order from your Tektronix Field Of- 
fice or Engineer. Specify Type 517 
Sweep Lockout Mod Kit, Tek number 
040-203. Price is $45.00. 

* To obtain this kit, order Type 517 
Duty Cycle Limiter Field Mod Kit, 
Tek number 040-107. Price is $10.00. 




TYPE 502 SWEEP LOCKOUT 
MODIFICATION KIT 

Your Type 502 (all serial numbers) 
can be modified for the study of one-shot 
phenomena by installation of a Type 
502 Sweep Lockout Mod Kit. 

The Sweep Lockout feature permits 
you to arm the sweep to fire on the next 
trigger to arrive. After firing once, the 
sweep is locked out and cannot fire 
again until rearmed by pressing a RE- 
SET button. 

The modification kit converts your 
Type 502 Oscilloscope for this type of 
operation and retains the original fea- 
tures of the instrument. The kit includes 
a wired chassis assembly, new panel, 
necessary components, photo, schematic, 
step-by-step instructions and parts list. 

Order from your Tektronix Field Of- 
fice or Engineer. Specify Type 502 
Sweep Lockout Mod Kit, Tek number 
040-209. Price is $45.00. 

IMPORTANT: Give serial number 

of your instrument so new panel can be 
numbered at factory. 

TYPE 575 COLLECTOR CURRENT 
MULTIPLIER MODIFICATION KIT 

This modification increases the current 
range of the vertical axis of the early 
models (serial numbers below 862) Type 
575 Transistor Curve Tracer. The addi- 
tion of a X-2 and a X-0.1 push button 
Collector Current Multiplier controls 
provides a means of multiplying by 2 
or dividing by 10 the 24 calibrated steps 
of the Vertical Current or Voltage/ 
Division switch. This increases the cur- 



rent range of the switch from 1000 — 0.01 
ma per division to 2000 — 0.001 ma per 
division. 

Included in the modification kit is a 
.8 amp circuit breaker to replace the 1 
amp fuse in the collector sweep, a wired 
Collector Current per Division switch, 
step-by-step instructions for drilling the 
front panel and for installation of the 
switch and other parts, and a parts list. 

Order from your Tektronix Field Of- 
fice or Engineer. Specify Type 575 Col- 
lector Current Multiplier Mod Kit, Tek 
number 040-197. Price is $35.00. 

AN ENVIABLE PERFORMANCE RECORD 

Recently, we received a report from 
Tektronix Field Engineer Howard King 
attesting to a remarkable reliability per- 
formance by eight Type 502 Oscillo- 
scopes. These instruments are a perman- 
ent part of the Bevatron control system 
at the University of California Radiation 
Laboratory. Here they are subjected to 
a periodic maintenance inspection and a 
thorough re calibration every six months. 
Except for the time required to make 
these inspections and recalibrations, these 
instruments have been in continuous op- 
eration since their installation in March 
of 1959. The group in charge of this 
installation has kept very complete main- 
tenance and failure charts. A check of 
these charts reveals a truly phenomenal 
record — only 14 failures in a total of 
almost 100,000 hours of operation. All 
except two failures were from tubes. Of 
these exceptions, one was from a defec- 
tive high voltage transformer, the other 
from a shorted lead to a tube socket. 

QUESTIONS FROM THE FIELD 

1. Q. How much can be cut from the 

cable of the standard P410 probe 
before running into trouble? 

A. A couple of inches can be cut 
from the standard P410 cable be- 
fore overshoot is seen with critical 
eyes. About four inches can be cut 
from the eight-foot cable. 

2. Q. What is the purpose of the small 

plastic board, containing four ad- 
justable coils, located in the Type 
551 upper beam-vertical amplifier? 
Why is it sometimes left uncon- 
nected ? 

A. Normal manufacturing tolerances 
will sometimes result in a slight de- 
lay between vertical amplifiers. 
Tliese additional coils compensate 
for this delay and thus offer superi- 
or beam registration. Often it is 
not necessary to use the additional, 
delay. 

3. Q. On a Type 517 where is a likely 

place to look for stray pickup? 

A. A likely place for this is a poor 
ground connection. This can occur 
between the grounded portion of 
the coax input connector and the 
pre-amplifier sub- chassis. When 
checking for pickup, the preamp 
grids should be shorted as close to 
the tube as possible. This will elim- 
inate pickup between the input con- 
nectors and the grids. 

4. Q, Can the Collector Sweep of a 

Tyj>e 575 be modified to provide 



a plus and minus voltage, auto- 
matically switched, for viewing 
symmetrical zenner diodes? 

Yes; this can be accomplished 
by shorting out one of the power 
diodes in the collector sweep and 
disconnecting the opposite diodes. 
This will give a sine wave at the C 
terminal. 

5. Q, On the RM16, what causes the 

.02-v/div. position to sometimes 
seem under compensated while the 

0.2-v/div. is OK? 

A. C545, a 500-mfd cathode by-pass 
capacitor, has a mechanical ground 
through its case. A poor ground 
connection here can cause apparent 
under compensation of the .02- 
v/div. setting. 

6. Q. Can the Type 310 Oscilloscope 

(60 to 800 cycle power supply) be 
operated on 50 cycle for short peri- 
ods? If so, how long would exter- 
nal fan cooling help? 

.A. We strongly recommend against 
using the 60 to 800 cycle Type 310 
on 50 cycles. Gordon Sloat, of our 
Transformer Department, says this 
is equivalent to operating the pri- 
mary at 145 volts, 60 cycles. Ex- 
ternal-fan cooling wouldn’t help 
much as heat builds up fast inside 
the transformer. 

7. Q. We have a Type 545 A which 

keeps blowing fuses as soon as 
the instrument is turned on. In- 
vestigation has not revealed a short. 
Have you any solution to this prob- 
lem? 

A. Check the silicon rectifiers. Per- 
haps you have one that has shorted. 
Because the opposite diode is good, 
a four-ohm short circuit appears 
across the winding on one half of 
the cycle only. The defective diode 
fuses open completely or becomes 
intermittently shorted and open. 
The opposite diode should also be 
changed since it would be damaged 
by the high short-circuit current. 
Either diode could become inter- 
mittent if one shorts out. 

8. Q. We have run into some oscilla- 

tion problems in checking 500- 

megacycle-type transistors on the 
Type 575. Are there any other 
tricks besides the use of ferrite 

beads to eliminate or minimize 
these oscillations? 

A. Here are two other possible solu- 
tions to the problem: 

1. Place a small series RC be- 

tween collector and emitter at 
the panel socket. Approxi- 
mate values of 47 pf and 82 
ohms seem to do the job with 
very little effect on the de- 
sired curve. The same RC 

connected from emitter to 
ground also does the trick 

for some transistors. 

2. The simplest method is to 
plug another transistor into 
the unused socket. However, 
this solution doesn’t work 
every time. The dummy tran- 
sistor need not be a mate 
to the one being checked. 



MODIFICATION KIT 
FOR BLANKING 
CHOPPING TRANSIENTS 




This modification applies to the Type 
531, 535, 541, 545, RM31, RM35, RM41 
and RM45 Oscilloscopes. When a Type 
53C, Type 53/54C or Type CA Dual 
Trace Plii??-Tn Unit is operated in its 
chopped mode with these instruments, 
transients appear with the trace. If you 
find these transients objectionable, you 
can eliminate them by the installation of 
a modification kit. 

This modification supplies a blanking 
voltage that can be applied to the crt 
cathode (by means of a switch) when a 
dual-trace plug-in unit is operated in its 
chopped mode. 

The mod kit includes a complete set of 
components, parts list, schematic, photos 
and step-by-step instructions. Please 
order through your Tektronix Field Of- 
fice or Engineer by the following des- 
cription: 

For Type 531, 535, 541 and 545 Oscil- 
loscopes, serial numbers 101 through 
4999, specify Type 530/540 Series Chop- 
ping-Transient-Blanking Mod Kit, Tek 
number 040-200. Price is $5.25. 

For Type 531, 535, 541 and 545 Oscil- 
loscopes, serial numbers 5000 and up, 
and Type RM31, RM35, RM41 and 

RM45 Oscilloscopes, all serial numbers, 
specify Tek number 040-198. Price is 
$5.25. 

TYPE 162 WAVEFORM GENERATOR 
SOLVES SINGLE SHOT UNBLANKING 
PROBLEM 

A customer, using a Type 536 Oscil- 
loscope to plot plate current against 
plate voltage in a diode, was having 
difficulty. He was using a hand-operated 
mercury switch to pulse the diode. Be- 
cause of the single shot type of operation 
plus the fact that the Type 536 has no 
unblanking for this type of operation, 
the crt beam was standing in one spot 
most of the time. A photograph taken 
under these conditions was worthless. 
The brightness of the spot completely 
wiped out the desired information in 
the trace. 

This customer had recently received a 
Type 162 Waveform Generator. A fea- 
ture of this instrument is that one of 
the output waveforms is a 50- volt pulse 
gate. Tektronix Field Engineer Bill 
Carter suggested to the customer that 
he trigger the Type 162 with either the 
current or voltage waveform of the diode 
and then use the 50-volt pulse gate of 



the Type 162 to unblank the Type 536 
during the trace period. The duration 
of the gate pulse could be adjusted for 
the proper amount of unblanking time 
by varying the sweep rate of the Type 
162. 

The customer called Bill the next day 
and expressed his gratitude saying that 
this was the only method that had 
worked on his problem. 

TRANSISTORIZED CIRCUITRY 

If you are interested in transistorized 
circuitry, you will probably enjoy the 
article “Battery-Operated Transistor Os- 
cilloscope”. This article appeared in the 
March 18. 1960 issue of ELECTRON- 
ICS, a trade magazine devoted to the 
electronic industry and published by the 
McGraw-Hill Publishing Company. 

Oz Svehaug, Project Design Engineer 
for the Tektronix Type 321 Tran si tori zed 
Oscilloscope, and John R. Kobbe, Chief 
Circuit Design Engineer for Tektronix, 
co-authored the article. Several cir- 
cuits of the Type 321 are briefly dis- 
cussed and schematics of some are in- 
cluded in the article. 

If you do not have a copy of the March 
18, I960 issue of Electronics, suggested 
sources are your firm’s technical library 
or the local community library. Reprints 
of articles are generally available from 
the magazine publisher, in this case the 
McGraw-Hill Publishing Company, Inc., 
330 W. 42nd Street, New York 36, New 
York. 

DOES CONTINUOUS OPERATION OF 
ELECTRONIC-TUBE EQUIPMENT 
REDUCE THE INCIDENCE OF 
TUBE FAILURE? 

Andy Jackson, Chief Engineer for Sta- 
tion WAVY, Tidewater Teleradio Inc., 
Portsmouth, Virginia, evidently believes 
that it does. He told Tektronix Field 
Engineer Eb Von Clemm that the control 
equipment at station WAVY is never 
turned off except for major repairs. 
Since this equipment has been on this 
continuous-operation basis, monthly tul)e 
expenditures have shown a marked de- 
crease. Mr. Jackson has collected some 
rather convincing cost data. Before 
WAVY instituted their 24-hour operation 
policy, their equipment contained a total 
of 3200 tube sockets. Tube- replacement 
costs for this equipment fell between 
$1500 and $1800 per month. Since these 
figures were gathered, WAVY has added 
additional equipment that has increased 
the tube socket total to 5500. In spite of 
this increase in tube sockets, tube-re- 
placement costs under the continuous- 
operation plan have been reduced to an 
average of around $900 per month. Al- 
though the tube replacement potential 
I was increased by 75%, actual tube-re- 
1 placement costs were reduced up to 50%. 
Mr. Jackson says he feels that their 
policy of 24-hour operation was a big 
factor in this tube-replacement cost re- 
duction. 

It would be interesting to know our 
readers’ opinions on this question. Why 
not drop us a line giving your answer 
to this question and the reasons for your 



stand? We will try to evaluate the an- 
swers, determine the consensus and pub- 
lish the results in a future issue of 
SERVICE SCOPE. 

Addess your answers to Walt Dederick, 
Editor, SERVICE SCOPE, Tektronix 
Inc., P. O. Box 500, Beaverton, Oregon. 

TEST-SETUP CHARTS AVAILABLE FOR 
FOUR INSTRUMENTS 
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Test-Setup charts are now available 
for the Type 502, 503, and 545A Oscillo- 
scopes and the Type 575 Transistor 
Curve Tracer. The charts provide a 
ready means of recording instrument 
control settings for any given test or 
production setup. A facsimile of the trace 
resulting from the setup can be drawn 
on the chart graticule or a photograph 
of the waveform attached to the chart. 

For production testing, an engineer 
devises the test procedure required to 
attain the desired result. He then desig- 
nates the control settings on the chart 
and draws a picture of the display on 
the chart graticule, outlining the limits 
for acceptance or rejection. (If desired, 
separate instrument graticules for each 
test can be marked with colored lines or 
tapes). The production-test facility takes 
over at this point and performs the test 
operation with speed and accuracy. Often 
a non-technical employee can handle this 
phase and release a highly trained person 
for more important work. 

Your Tektronix Field Engineer will 
be glad to give you more detailed in- 
formation on the Test-Setup charts and 
their uses. 

TYPE 575 TEST-SETUP CHART 
PROVES ITS WORTH 

During a recent demonstration on the 
Type 575 Transistor Curve Tracer, one 
of the engineers in attendance remarked 
that engineers could operate the unit 
without any trouble, but what about the 
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girls on the line who would be making 
incoming inspection of transistors? They 
are all non-technical people. Will they 
be able to set up and use the Type 575 
in their inspection routine? 

Tektronix Field Engineer Harvey 
Worth, wdio was presenting the demon- 
stration, suggested that one of the girls 
on the line be brought in. He explained 
that he felt sure that within five minutes 
she could set up the instrument from 
a Test- Setup chart. 

Accordingly, one of the girls was 
brought in and given a previously pre- 
pared Test-Setup chart. With very little 
instruction, she set up the Type 575 and, 
to the complete satisfaction of the ob- 
serving engineers, made the incoming 
inspection check. 



USED INSTRUMENTS WANTED 



1 Type 531 or 
preferably 
Type 533 

1 Any Tektronix 
Scope 



1 Type 511, 514 
or 524 



1 Type 31 5D or 
Type 514 



1 Type 535 or 
545 



1 Type 535 with 
Type 5 3/54 C 



Russel Jensen 
223 E. Dean Ave. 
Madison 4, Wis. 

Christy Laboratories 
Mr. Kazarian 
118 St. Clair 
Cleveland 14, Ohio 

Carl Smith 
5449 Culver 
Indianapolis, Ind. 

Palo Alto 
Engineering Co. 

C. J. Biggerstaff 
620 Page Mill Road 
Palo Alto, Calif. 

John T. Camp- 
bell, HI 

7906 Pickering St. 
Philadelphia 50, Pa. 

John West 
Tektronix, Inc. 



Plug-In Unit 1122 Main Street 

(Approx. $800) Stamford, Conn. 



700 Fenimore Road 
Mamaroneck. N.Y. 



USED INSTRUMENTS FOR SALE 



1 Type 545 A 


P. J. Gentile 


with Type CA 


Vamco Machine 


Plug-In Unit 


& Tool, Inc. 


1 Type 130 


2 Sedgwich Street 


L-C Meter 


Pittsburgh 9, Pa. 
Phone TAvlor 
1-6000 ' ^ 


1 Type 5 24 AD 


Allan T. Powley 
Chief Engineer 
WMAL, WMAL- 
TV 

The Evening Star 
Bestg. Co. 

4461 Connecticut 
Ave., N.W. 
Washington 8, D.C. 


1 Type 570 


Corbett Electronics 


s/n 336 


Henry Corbett 
2014 S.W. Jefferson 
Street 

Portland, Oregon 


2 Type 5I4D 


Cornell University 


s/n’s 2143 


Joe Sanford 


and 2144 


Lab of Nuclear 


1 Type SHAD 


Studies 


s/n 1375 
2 Type 5 HAD 
s/n’s 4874 
and 4895 


Ithaca, N. Y. 


1 Tvpe 310A 


Digitronics, Inc. 


s/n 10089 


Mr. Targia 
Albertson Ave. 
Albertson, L.L, 
N.Y. 


1 Tvpe 511 


Fred Pack 


s/n 1751 


Technical Materiel 
Corp. 



1 Type 53/54E Eldema Corporation 

(will trade) Dwayne MacDonald 

1805 Belcroft 
Elmonte, California 

ANOTHER “HOT” SCOPE 

Our Chicago office reports the loss of 
a Type 321, s/n 200, Transistorized Os- 
cilloscope. This instrument disappeared 
from a group of instruments waiting to 
be returned to the Chicago office after 
the recent N.E.C. show in Chicago. 

If you see this instrument or have 

any information regarding its where- 
abouts, please contact your Tektronix 
Field Office or Engineer, or call the 
factory collect at Beaverton, Oregon. 

The phone number is Mitchell 4-0161. 
Ask for Walt Dederick. 




Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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TYPE 530/540 OR TYPE 530A/540A 
SERIES 

OSCILLOSCOPES AND COMPOSITE 
VIDEO SIGNALS 



Damage caused in the distribution amplifier of a Type 545A Oscilloscope as a re- 
sult of a shorted crt lead. 

NOTICE! 

IMPORTANT INFORMATION 



A seriously damaged distributed amp- 
lifier CAN occur in any of the following 
oscilloscopes: 

Type 541, all serial numbers above 6565 
Type RM41, all serial numbers above 111 
Type 545, all serial numbers above 9720 
Type RM45, all serial numbers above 132 
Type 541 A, all serial numbers 
Type RM41A, all serial numbers 
Type 543, all serial numbers 
Type RM43 all serial numbers 
Type 545 A, all serial numbers 
Type RM45A, all serial numbers 
Type 551, all serial numbers 
Type 555 all serial numbers 

In these instruments, certain types of 
short circuits (such as a crt lead becom- 
ing disconnected and shorting to ground) 
will cause the terminating resistor to 
burn. Secondary effects caused by the 
burning of these resistors can result in 
extensive damage as shown in the picture 
above. Repairs in such an event are costly, 
both in money and down-time for the in- 
strument. This is indeed a regretable 
situation, but one that only time and ex- 
perience in the field with the instrument 
could have brought to light. Since be- 
coming aware of the difficulty, we have 



developed a field modification kit that 
protects the distributed amplifier from 
damage due the these short circuits. We 
offer this modification kit free of charge. 

W e earnestly recommend that owners 
of these instruments consider the instal- 
lation of this modification a must. 

Order the modification kit through 
your Tektronix Field Engineer. For Type 
551 and Type 555 Oscilloscopes, order: 

. Field Modification Kit — “Fuse for Pro- 
tection of the Distributed Amplifier”, 
Tek number 040-226. 

For all other instruments listed above, 
order: Field Modification Kit — “Fuse for 
Protection of the Distributed Amplifier”, 
Tek number 040-227. 

Immediate steps are being taken at 
Tektronix plants to incorporate this 
modification in all affected production 
instruments. The Type of oscilloscope 
and the serial number at which the modi- 
fication become effective will be an- 
nounced in a future issue of SERVICE 
SCOPE. For the present, please consult 
your Tektronix Field Engineer to deter- 
mine if instruments you have on order 
or have recently received are affected by 
this notice. 



Part I 

Several TV Broadcast Studios have 
been using Type 530/540 or Type 530A/ 
540A Oscilloscopes and trying to trigger 
on a nonintegrated composite video sig- 
nal. There are three different pulse trains, 
all very close in amplitude, at the start 
of a composite video signal. Most oscil- 
loscopes, when presented with this signal, 
will try to trigger on each pulse of the 
three trains. The result is an unstable 
display. 

Television engineers generally will pre- 
fer the Tj^pe 524AD over other oscillo- 
scopes for viewing the composite video 
signal. This instrument, specifically de- 
signed for television broadcast studio re-, 
quirements, contains carefully planned 
trigger separator and sync separator cir- 
cuits that enable the instrument to trig- 
ger reliably on composite video signals. 
It also provides other characteristics de- 
sirable for the maintenance and adjust- 
ment of television transmitter and studio 
equipment. The Type 524AD enables the 
engineer to observe any portion of the 
television picture — from complete frames 
to small portions of individual lines, 
i However, the Type 530/540 or 5 30 A/ 

I 540A Series Oscilloscopes give usable re- 
! suits if an integrator circuit is employed. 
A suitable integrator circuit consists of 
a 10 k resistor and a 0.01 /ifd capacitor. 

To use this circuit with these instru- 
ments, patch the VERT SIG OUT of the 
oscilloscope to the TRIGGER INPUT 
via the integrator circuit. 

For the Type 531, 532, 533, 541, and 
543 or Type 531A, and 541A proceed as 
follows: 

Step 1. Use a wide band Plug-In Pre- 
amplifier in the oscilloscope and 
apply the composite video signal 
to the INPUT. Adjust the 
VOLTS/CM to give 3 or 4 
centimeters of vertical deflection. 
Step 2. Patch the VERT SIG OUT to 
the TRIGGER INPUT via the 
integrator circuit. See fig. 1. 

Step 3. Set the TIM E/C switch to 5' 
MILLISEC. 

Step 4. Set the TRIGGER SLOPE 
switch to — EXT for negative- 
going signals or +EXT for 
positive-going signals and the 
TRIGGER MODE switch to 
AC or AC SLOW, 

Step 5. Turn the STABILITY and 





FIG. 1 



TRIGGERING LEVEL con- 
trols full right. 

Step 6. Turn the STABILITY control 
to the left until the sweep ceases 
to operate. Continue to turn the 
control to the left for several 
more degrees. 

Step 7. Turn the TRIGGERING 
LEVEL control to the left un- 
til a stable display is obtained. 

On instruments for which this pro- 
cedure is intended, the operator can view 
either a field or line presentation. Limi- 
tations of these instruments, however, 
will not permit the operator to select the 
line to be presented. 

Editors note: Part II of this article 

will appear in the next (April) issue of 
SERVICE SCOPE. The procedure for 
viewing composite video signals on the 
Type 535, 545, 535A, and 545A will be 
given at that time. 



HELP IN USING AND UNDERSTAND- 
ING YOUR TYPE 535A OR TYPE 
545A OSCILLOSCOPE 

The Type 535A and Type 545A Oscil- 
loscopes are extremely versatile instru- 
ments. To fully utilize their capabilities, 
an operator must be completely familiar 
with each control and its function. The 
new operator, the partially informed 
operator, or even tlie experienced operator 
will find the booklet “Losing Your Oscil- 
loscope Type 535A or Type 545A” a 
great aid in acquiring this desired degree 
of familiarity with these instruments. 

This booklet is a revised and up-dated 
version of one originally written for oper- 
ators of the old Type 535 and Type 545 
instruments*. It is written in two parts. 
Part I, “Getting .Acquainted”, describes 
the effect of each front-panel control, ex- 
plains in detail the unique Tektronix fea- 
tures: Delayed Trigger, Delayed Sweep 
and Single Sweep modes of operation 
(that give to these instruments their high 
degree of flexible versatility), and out- 
lines some of the more trequently en- 
countered oscilloscope operations. 

Part 2 of the booklet includes the in- 
formation in the “Getting Acquainted” 
section, in condensed form for easy refer- 
ence, plus simple, easily-understood in- 
structions on other applications of the 
oscilloscopes. 

To obtain a copy of this booklet, ask 
your Tektronix Field Engineer for FIP-8 



“Using Your Oscilloscope Type 535 A or 
Type 545 A”. 

*A limited number of the booklets 
for the Type 535 and Type 545 are 
still available. Ask your Tektronix 
Field Engineer for FI P-1, “Using 
Your Type 535 or Type 545 Oscil- 
loscope. 

TEKTRONIX FIELD MAINTENANCE 
FACILITIES AND SERVICES 

The Field Maintenance Facilities and 
Services available through your Tektronix 
Field Engineer are described in a re- 
cently published booklet. Also in the 
booklet are some pictures of a typical 
maintenance facility and a map of the 
United States showing the location of 
Tektronix Field Offices. Those Field 
Offices having a Repair Center are identi- 
fied and they, their addresses and tele- 
phone numbers are listed for ready ref- 
erence. 

For your copy just call your Tektronix 
Field Engineer and ask him for the 
Field Maintenance Facilities and Serv- 
ices booklet. 



QUESTIONS FROM THE FIELD 

L Q. What is the risetime of the P500CF 
Probe? 

A. We used the following equipment: 
a Type 545 A Oscilloscope with 
Type K Plug-In (Passband of this 
combination was 30.5 me), a Type 
108 Fast-Rise Mercury Pulser, and 
a P500CF Probe. Risetime figures 
obtained under these conditions 
were as follows: 

P500CF (with no attenuation) 

13.0 nsec. 

P500CF (with lOX attenuator) 

17.5 nsec. 

2. Q. Do you have any drift figures ou 

the Type 503 Oscilloscope? 

A. We have never quoted any drift 
specifications for the Type 503. 
Flowever, we ran some checks on 
ten production Type 503’ s. After 
an initial warm-up period to allow 
the instruments to stabilize, the 
following drift figures were re- 
corded at a sensitivity of 1 mv/cm. 
Remember, these are only typical 
figures and are not to be consider- 
ed drift specifications for the Type 
503. 

Average drift 1.5 cm/hr. 
Minimum drift 0.5 cm/hr. 
Maximum drift 3,0 cm/hr. 

The input 6DJ8’s have the greatest 
effect on drift. Also, the two 
2N544 transistors designated Q454 
and Q464 in the vertical amplifier 
affect the drift. 

3. Q. In the Type 580 Series Oscillo- 

scopes can a signal be connected 
directly to the vertical deflection 
plates of the CRT? 

A. According to Vaughn Weidel (En- 
gineering), we have not developed 
an acceptable method for inserting 
signals directly into the vertical 
deflection plates of the erts in these 



instruments. The problem is to 
match the signal source to the ap- 
proximate 900-ohm impedance of 
the distributed plates. If any 
matching device such as a trans- 
former is used, ]uuch ringing and 
distortion occurs. 

4. Q. Can you suggest a device for coupl- 
ing the output of a sine- wave or 
square- wave generator to the P6016 
Current Probe when testing the 
passband or square wave response 
of the probe? 

.A. A V/i," piece of No. 18 solid wire, 
formed into a question mark, in 
series with a small 50 H — 1% resis- 
tor and soldered to a female uhf 
connector will do the trick. (Sec 
fig. 2). This test jig has a VSWR 




Fig. 2 

of 1.05 at 20 me and can be used 
with a Tektronix Type 190 A Con- 
stant Amplitude Signal Generator 
for passband response, and a Type 
105 or Type 107 Square Wave Gen- 
erator for square wave response. 

5. Q. We have noticed a spurious pulse 

on a Type 575 Transistor-Curve 
Tracer. This is a positive pulse 
which occurs between each normal 
cycle for P-N-P transistors). The 
pulse length is about 5 milliseconds 
and about 4 volts in amplitude 
when the base current is set for 
1 milliampere per step. Could this 
pulse damage transistors having a 
low reverse rating between base 
and emitter? If so, how can it be 
eliminated? 

A. The transistor is driven from a con- 
stant-current source. If the Step 
Zero is set so that the first base 
step occurs when the transistor is 
cut off, the maximum voltage ca- 
pabilities of the Base Step Gener- 
ator will be present at the base 
terminal of the transistor under 
test. Since the first step current is 
limited to the scale setting, there 
is small chance of damage to the 
transistor under test. The Step 
Zero control can be set to elimin- 
ate this pulse if desired. 

6. Q. Can a Type 502 Dual-Beam Oscil- 

loscope be modified to provide 
variable controls on the vertical 
amplifiers? 

A. Yes, a field modification kit is 
available to accomplish this. The kit 
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acids a VARIABLE VOLTS/CM 
control to the front panel for both 
the UPPER and LOWER beam 
vertical amplifiers. It includes a 
complete set of components, parts 
list, schematic, photos, and step- 
by-step installation instructions. 
Order the kit from your Tektronix 
Field Office. Specifiy; Type 502 
Variable Volts/cm Mod. Kit, Tek 
part number 040-222. The price 
is $10.50. 



USED INSTRUMENTS FOR SALE 

1 Tyi^e 315 Eric Vaughan 

s/n 198 Superior Electric Co. 

2 Type 512 83 Laurel Street 

s/n’s 1817 & Bristol, Connecticut 
2717 



1 Type 524 


Boco Wu 

Livingstone, New Jersey 
Tel. Wy 2-4790 


1 Type 514D 
s/n 2615 


Wait Jannsons 
Isomet Corporation 
Palisades Park, 




New Jersey 

Tel. Windsor 4-3070 


1 Type 512 
s/n 1111 


Gus Winston 
227 Marina Way 
Pacifica, California 


USED INSTRUMENTS WANTED 


1 Type 310A 


Milton D. Post 

460 N.W. 30th Terrace 

Ft. Lauderdale, Florida 


1 Type 517 


G. Connell 




212 Wensley Lane 
East Islip, Long Island, 
New York 


1 Type 535 
or T^^pe 

545 


Purcell Robinson 
1442 North 62nd Street 
Philadelphia 31, Penna. 


1 Type 51 1 or 
Type 524 


Weaver County School 

District 

L. 0. Keys 

Salt Lake City, Utah 

Elgin 9-7691 


1 Type 535 or 
535A 

1 Type CA 
1 Type C 


Robert Sinn 
Ultronics 
118 North 3rd St. 
Camden, New Jersey 
Wood lawn 4-4664 


1 Type 530 or professor George C. New- 
540 Series ton, Jr. 
with a Type Electronic Systems 
5 3/54 C or Laboratory 

CA Plug-In Massachusetts Institute 
of Technology 
Cambridge 39, Mass. 


1 Type 112 
Preampli- 
fier 


Westinghouse Electric 
Corp. 

Cletus Hostetler 
P. 0. Box 284 
Elmira, New York 


1 Type 531 or Richard Van Lunen 
Type 535 9203 Alcona Street 

La n ham, Maryland 


1 Type 530 
Series or 


Leonard M. DeBall 
5247 S. Avers Avenue 



Type 540 Chicago, Illinois 
Series or 
Type 550 
Series 

1 Type CA, 
or K, or L 
Plug-In 

MORE LOST OR STOLEN SCOPES 

Tektronix Field Engineer Ron Bell re- 
ports that a Type 316S1, serial number 
902, is missing from the Goodyear Air- 
craft Corporation in Akron, Ohio. If you 
have any information on this instrument 
notify the Goodyear Aircraft Corporation, 
Tektronix Field Engineer Duncan 
Doane reports the disappearance of a 
Type 310 A, serial number 011213, from 
the Electronic Specialty Company, 5121 
San Fernando Road, Los Angeles 39, 
California. If you run across this scope 
in your area, notify the Electronic Spec- 
ialty Company by collect wire, or phone, ^ 
Chapman 5-3771. 

The following Instruments have disap- 
peared from the custody of the Philco 
Corporation, Government and Industrial 
Group, 4700 Wissahickon Avenue, Phil- 
adelphia, Penna. 

1 Type 541 A Oscilloscope s/n 20379 
1 Tvpe CA Plug- In Preamplifier s/n 
10031 

1 Tvpe L Plug-In Preamplifier s/ii 
5235 

1 Type 107 Scpiare-Wave Generator 
s/n 625 

If you know the whereabouts or have 
any information on these instruments, 
please contact the Philco Corporation, 
Computer Division, Test Equipment Con- 
trol Section, Willow Grove, Pennsylvania, 
Oldfield 9-7700, Extension 537. 

The Florida Power Corporation at 
Winter Park, Florida, reports that their 
Type 310S2 Oscilloscope s/n 6674 is miss- 
ing and may have been stolen. Please 
contact them if you have any information 
on this instrument. 

DO YOU UNDERSTAND THE SWEEP 
DELAY FEATURE OF YOUR TEKTRONIX 
OSCILLOSCOPE? 

The Sweep Delay^' is an important 
feature of the Type 535 A, 545 A, 555 and 
585 Oscilloscopes. However, some users 
of these instruments are completely una- 
ware of the flexibility this feature pro- 
vides or the many applications made pos- 
sible by it. 

It is not within the scope of this publi- 
cation to explain the Sweep Delay feature 
— space will not permit it — but we can 
tell you how you can have it explained 
and demonstrated to you. Call your Tek- 
tronix Field Engineer! 

The explanation and demonstration, if 
you desire, can be given before a group 
of your technicians and engineers at a 
convenient time and place. 

You will find your Tektronix Field En- 
gineer to be a competent instructor with 
a minimum of six months factory train- 
ing in the use and service of Tektronix 
instruments. Furthermore, he is keenly 
and genuinely interested in your scope 



related problems and anxious to help in 
their solution. 

This is an economical program offered 
on a no charge basis. The only thing we 
ask you to spend is your time! 

*In the Type 535 and 545 this fea- 
ture is known as the Delaying Sweep. 

ORIGINAL PRODUCTION 
OSCILLOSCOPE 



RETURNS TO TEKTRONIX 




In July of 1947 Tektronix shipped its 
first production oscilloscope — a Type 511, 
serial number 101. Dr. A. R. Timturi; 
Director of Navy Acoustic Research at 
the University of Oregon Medical School 
in Portland, Oregon, took delivery on 
this instrument for the purchaser, the 
U. S. Navy. 

For 13l4 years this Type 511 aided in 
providing Dr. Timturi with reliable in- 
formation in his research work — elec- 
tronic mapping of the brain. Knowledge 
gained in this research is valuable in the 
diagnosis and treatment of neurological 
diseases and for the possible importance 
of applying how the brain works to the 
development of a mechanical brain for 
guided missiles. During this time instal- 
lation of several factory-developed im- 
provement modifications aided this Type 
511 to keep abreast of Dr. Tunturi’s oscil- 
loscope requirements. The instrument re- 
mained, however, essentially a Type 511 
while Dr. Tunturi’s work continued to 
advance. Eventually the need for a more 
sophisticated oscilloscope became undeni- 
able. 

Rudy Vuksich of the Tektronix Ad- 
vertising Department could see reciprocal 
benefits in Dr. Tunturi’s need for a more 
advanced oscilloscope and the Tektronix 
desire to return their original production 
instrument to its place of origin. 

Accordingly, he assisted in working out 
a mutually beneficial agreement between 
the interested parties. In exchange for 
the Type 511, serial number 101, Dr. 
Timturi accepted for the U. S. Navy a 
Tektronix Type 515 Oscilloscope, an in- 
strument admirably suited to his present 
oscilloscope requirements. 

Type 511, serial number 101 now 
stands proudly on display in the recep- 
tion area of the Tektronix factory in 
I Beaverton, Oregon. Every Tektronix 
I employee expresses his thanks to the 
U. S. Navy and Dr. Timturi for their 
co-operation in returning this instrument 
to us. We are proud of our “first born”! 
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COMPUTER ENGINEERS SAY P6016 
CURRENT PROBE A NECESSITY 

Tektronix Field Engineer Owen Harri- 
son reports many of the computer en- 
gineers he calls on consider the Tektronix 
P6016 Current Probe a necessity in com- 
puter service work. They claim that con- 
siderable savings in computer service time 
can be realized by the use of this probe. 
Compared to the method where a one 
ohm resistor must be inserted into the 
circuitry to obtain readings, the use of a 
P6016 Current Probe can cut computer 
service time by as much as 50%. 

If yon are not acquainted with the Tek- 
tronix P6016 Current Probe, call your 
Tektronix Field Office. A Field Secre- 
tary or a Field Engineer will be happy 
to arrange a demonstration at your con- 
venience. In addition to being informa- 
tive, the demonstration may aid in solv- 
ing (or making it easier to solve) some of 
your engineering or servicing problems. 



TEKTRONIX TOUCH-UP PAINT 

Touch-up paint to match the colors and 
finishes of Tektronix instruments is now 
available. The paints for touch-up jobs on 
gray-wrinkle, blue- wrinkle, or blue-vinyl 
finished cabinets come in 2 ounce jars. 
Also, the blue- wrinkle and blue- vinyl 
paints thinned for spraying, are available 
in 1 quart cans. 



Order through your Tektronix Field 
Engineer or Field Office from the follow- 
ing chart. 



TEK NO. 
252-083 Gray 
252-084 Blue 
252-085 Blue 
252-086 Blue 
252-087 Blue 
*These thinned 



DESCRIPTION 
Wrinkle Touch-up 
Wrinkle Touch-up 
Wrinkle Thinned* 
Vinyl Touch-up 
Vinyl Thinned* 



QTY. PRICE 
2-oz $1.10 
2-oz 1.10 

1- qt 3.00 

2- oz 1.10 

1-qt 2.80 



paints are intended for spray-gun 



application 



FINDING BURIED CABLES 




You may easily determine the position of 
a single conductor, buried eight to 10 feet 
below the ground surface, by magnetic 
detection. 

A 10 to 15-ampere 60-cycle current pass- 
ed through a buried conductor will create 
a strong magnetic field that a simple 
pickup loop and detector can locate 
easily. 

If two wires of 117 v ac circuit must be 
located, one of them must be discon- 
nected and an alternate external lead sub- 
stituted. (A good ground will do.) If 
both wires are used, the magnetic flux 
from one will cancel the magnetic flux of 
tlie other. 

An effective pickup loop consists of four 
to 10 turns of wire formed into an oval 
about five feet long and a foot wide. By- 
pass the two leads from the loop with a 
.01 gf capacitor to reduce any radio fre- 
quency energy from broadcast stations. 

(If cable near a l)roadcast antenna is to 
be located, you may need an additional 
low-pass filter to keep r-f from reaching 
the detector.) 

Tiie detector needs enough sensitivity to 
indicate signals at a maximum of about 



.05 volts rms. A simple battery-powered 
transistor amplifier with frequenc}^ multi- 
plication will raise both the signal level 
and the frequency for headphones. 

A Tektronix Type 321 battery-powered 
portable oscilloscope may be used to 
make a visual measurement. It will do 
this job without an external preamplifier. 
Using the 321 with the pickup loop and a 
.01 /if capacitor, you may locate each 
ground radial of a broadcast antenna 
while the station is on the air. In this 
case the signal will be the station’s car- 
rier. 

You search with the pickup loop flat on 
the ground. When the loop is on both 
sides of the buried conductor, it will 
pick up energy from the conductor. 

As the loop passes directly over the con- 
ductor, the signal disappears. When it 
moves past the conductor, the signal re- 
appears. 

For cables deeper than 10 feet, increase 
all dimensions of the coil to maintain the 
. same accuracy. 

CORRECTION 

We must call your attention to three 
errors, one typographical and two of 
omission, in the article “Timing the Type 
530A/540A Series Oscilloscopes”. This 
article appeared in the December 1960 
Service Scope. 

In Step 6 of this article the .5/isec/cm 
setting of the TIME/CM switch should 
read .1 /isec/cm. 

Instructions for adjustment of C375 
should have followed the instructions 
for adjusting C364. Here they are: 
Adjust C375 for best linearity between 
the 2nd and the 6th vertical graticule 
lines. 

Finally, if it is necessary to replace the 
two 6DJ8 output tubes, the whole timing- 
procedure should be run through again. 

Now, if you don’t mind, we will go 
apply a soothing lotion to a very red face. 
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Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 




USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 



NUMBER 7 



TYPE 530/540 OR TYPE 530A/540A 
SERIES 

OSCILLOSCOPES AND COMPOSITE 
VIDEO SIGNALS 

Part 2 

Fig. 1, which appeared with Part 1 of 
this article in the February issue of 
SERVICE SCOPE, was incorrectly 
drawn. The circuit as shown was not 
an integrator circuit. Notice that in 
the corrected drawing (fig. 1 below) the 
10 k resistor precedes the 0.01 /if d capac- 
itor in the circuit from the VERT. SIG. 
OUT to the TRIGGER INPUT. 




Instructions in Part 1 of this article 
dealt with the Type 531, 532, 533, 541, 
543, 531 A and 541 A instruments. Part 2 
will deal with the Type 535, 535A, 545 
and 545A oscilloscopes. 

These more sophisticated oscilloscopes 
provide the Tektronix unique Delaying 
Sweep feature and can also display either 
field or line presentations. In addition, 
the Delaying Sweep feature permits the 
operator to select the line presented. 
Also, once the instrument is set up, the 
operator can switch from line to field 
presentation by simply turning the 
HORIZONTAL DISPLAY switch. 

Here’s how you set it up: 

Step 1. Use a wide-band Plug-In Pre- 
amplifier in the oscilloscope and 
apply the composite video signal 
to the INPUT. Adjust the 
VOLTS/CM to give 3 or 4 
centimeters of deflection. 

Step 2. Couple the VERT SIG OUT 
to the TIME BASE B (DE- 
LAYING SWEEP) TRIGGER- 
IN with an integrator circuit 
consisting of a 10 k resistor and 
a 0.01 /tfd capacitor. See fig. 2 
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time base "8* or 
CdBlsying BWBsp)* 




(Note: If available, Field sync 

pulses are preferable for trigger- 
ing the Delaying Sweep.) 



Step 3. Set the HORIZONTAL DIS- 
PLAY switch to the ‘B’ IN- 
TENSIFIED BY ‘A’ (DELAY- 
ING SWEEP)^^ position. Turn 
the TIME BASE B (DELAY- 
ING SWEEP)* STABILITY 
and TRIGGERING LEVEL 
controls full right. Set the 
TIME BASE B (DELAYING 
SWEEP)* TIME/CM switch to 
5 MILLISEC and the LENGTH 
control for 9 to 10 centimeters 
of sweep. For displaying posi- 
tive-going video signals, turn the 
TIME BASE B (DELAYING 
SWEEP)* TRIGGER SLOPE 
switch to -{-EXT (-{-)* and the 
TIME BASE B TRIGGERING 
MODE switch to AC (Type 535 
and Type 545 instruments do not 
have a triggering mode switch 
on the DELAYING SWEEP 
section of their front panel), for 
negative-going signals, switch the 
TRIGGER SLOPE to -EXT 
(— )*. Turn the TIME BASE B 
(DELAYING SWEEP)* 

STABILITY control to the left 
until the sweep ceases to operate. 
Continue turning the control 
several more degrees to the left. 
Now turn the TIME BASE B 
(DELAYING SWEEP)* 

TRIGGERING LEVEL control 
to the left until a stable display 
is obtained. This should occur 
when the index mark is at or 
near tlie straight up position. 



Step 4. Set the HORIZONTAL DIS- 
PLAY switch to the ‘A’ DEL’D 
BY ‘B’ (MAIN SWEEP DE- 
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PAYED)* position. S et the 
TIME BASE A (MAIN 
SWEEP)* TIME/CM switch to 
display any desired number of 
lines. Trigger the ‘A’ DEL’D 
BY ‘B’ (MAIN SWEEP DE- 
LAYED)* from the first line 
sync pulse after the delayed trig- 
ger by turning the TIME BASE 
A (MAIN SWEEP)* STABIL- 
ITY and TRIGGERING 
LEVEL controls full right and 
then turning the STABILITY 
control to the left until the sweep 
ceases to operate. Continue turn- 
ing the STABILITY control to 
the left for several more de- 
grees. 

If you are displaying video sig- 
nals of positive-going polarity, 
switch the TIME BASE A 
(MAIN SWEEP)* TRIGGER 
SLOPE control to -hINT: if 

vou have negative-going signals, 
switch TIME BASE A (MAIN 
SWEEP)* TRIGGER SLOPE 
control to — I NT. Turn the 
TIME BASE A (MAIN 
SWEEP)* TRIGGERING 
LEVEL control to the left until 
a stable display is obtained. 

The display will now be similar 
to the display obtained when us- 
ing the Type 524 Oscilloscope; 
the line presentation will jump 
from one line to the next as the 
DELAY TIME MULTIPLIER 
is turned through its range. 

Step 5. By switching the HORIZON- 
TAL DISPLAY control from 
‘A’ DEL’D BY ‘B’ (MAIN 
SWEEP DELAYED)* position 
to the ‘B’ INTENSIFIED BY 
‘A- (DELAYING SWEEP)* 
position, you can have either line 
or field presentation. The TIME 
BASE A (MAIN SWEEP)* 
brightening on the TIME BASE 
B (DELAYING SWEEP)* will 
indicate the horizontal lines being 
observed with reference to the 
entire frame. -f-GATE A (+ 
GATE AIAIN SWEEP)* could 
be used to modulate the ‘Z’ axis 
of a monitor kinescope. 

Step 6. If dual trace operation with a 
Type 53/54C, 53C, or CA Plug- 
IN is desired, the trigger must 
be derived from an external 
source ratljer then the VERT 






SIG OUT, due to the switching 
signals present. TIME BASE 
A (DELAYING SWEEP)* 
sweep rates and length should be 
adjusted to give proper presenta- 
tion of interlaced pairs of lines. 

The above method will give usable re- 
sults, but for specific applications most 
engineers will prefer a Type 524AD 
Oscilloscope with its carefully designed 
sync-separator circuits. 

* (Captions in parenthesis apply to the 
Type 535 and Type 545 instruments.) 

SERVICE HINTS 

Tektronix Field Maintenance Engineer 
Jack Banister finds a pressure can of con- 
tact cleaner a handy service tool. The use 
of this cleaner has usually been with tube 
sockets in jittery vertical amplifiers. He 
squirts the cleaner into the vertical-ampli- 
fier tube sockets. Several times this oper- 
ation has cleared up the trouble just fine. 
Indications of faulty pin contacts can 
generally be made apparent by wiggling 
a tube in its socket. 

The brand name of the contact cleaner 
Jack uses is “Injectoral”. There are prob- 
ably other good contact cleaners in pres- 
sure cans on the market, but this is the 
only one Jack has had experience with. 



Occasionally, when a Type 530/540 
Series Chopping-Transient-Blanking Mod 
Kit (Tek. No. 040-200) is installed in an 
instrument, the unblanking-spike phasing 
occurs too early and does not cover the 
switching transient. 

Increasing the blanking period should 
correct this condition. To do this, change 
the resistor on the grid (pin 5) of V78 
from 270 k to 390 k. 

The 390 k resistor will generally in- 
crease the blanking period enough to 
cover the switching transient and enable 
the modification to work correctly. 
However, isolated cases may require a 
resistor of an even higher value. Tek- 
tronix Maintenance Engineer Udo Lin- 
denmeyer found one instrument that 
required a 560 k resistor to give correct 
results. 



SOLVING POWER LINE PROBLEMS 
FOR BETTER SCOPE PERFORMANCE 

Problems arising from excessively high 
or low line voltage continue to plague 
users of Tektronix oscilloscopes in some 
areas. Tektronix oscilloscopes’ are de- 
signed to accommodate line-voltage vari- 
ations up to roughly ±10% from design 
center without loss of stability or ac- 
curacy; however, variation beyond these 
limits (105-125 volts for most instruments 
wired for domestic use) causes loss of 
accuracy and often^ severe instability. 

The problems reported seem to fall in- 
to three main categories: (1) continu- 

ously high or low line voltage; (2) fluc- 
tuation between high and low line volt- 
age; and (3) serious waveform distortion, 
giving the effect of low line voltage. 
Some suggested solutions to these prob- 
lems are : 



(1) The first problem is easily solved 
for the owner of a Type 310(A), 316, 317, 
502 or 516 Oscilloscope. These instru- 
ments are equipped with multi- tap power 
transformers, for use at various “high” 
or “low” line-voltage ranges. For other 
instruments, it is necessary to provide 
some external step-up or step-down trans- 
former to provide the necessary operating 
voltage to the scope. A variable auto- 
transformer of the “Variac” or “Power- 
stat” type is particularly useful in ac- 
comodating a wide range of input volt- 
ages. An inexpensive filament transfor- 
mer may also be used as an autotrans- 
former in cases where the line voltage 
is consistently high or low. Reconnected 
as shown in Figure a, the transformer’s 




Figure A. Low-cost Mne-voltage boost or drop cir- 
cuit, using a filament transformer. Connect as 
shown for 6 v boost; reverse secondary connections 
for 6 V drop. Filament winding must have minimum 
rating indicated in Figure B. 



secondary voltage is added to or sub- 
tracted from the incoming line voltage 
to bring it within range. Be sure the fila- 
ment-winding current rating is adequate 
to carry the oscilloscope load (Fig. B). 



Scope 
Type 
3] 0(A) 

315 

316 

317 
321 

502 

503 

504 
507 
511(A) 

512 

513 
514(A) 
515(A) 
516 
517(A) 
519 
524(A) 

525 

526 

527 
531(A) 

532 

533 
535(A) 
536 
541 (A) 
543 
545(A) 
551 
555 
561 
570 
575 



Max. 

Power 

Consumption 
175 W 
375 W 
260 W 
260 W 
20 W 
280 W 
107 W 
93 W 
600 W 
240 W 
280 W 
475 W 
375 W 
300 W 
300 W 
1250 W 
660 W 
500 W 
380 W 
340 W 
240 W 
455 W 
475 W 
500 W 
550 W 
650 W 
520 W 
530 W 
600 W 
900 W 
1050 W 
175 W 
400 W 
410 W 



Recommended 
Transformer 
Rating (Min) 

2 Amp 
4 Amp 

3 Amp 
3 Amp 

14 Amp* 
3 Amp 
1 Amp 

1 Amp 
8 Amp 
3 Amp 

3 Amp 

6 Amp 

4 Amp 
3 Amp 

3 Amp 
15 Amp 

7 Amp 

5 Amp 

4 Amp 

4 Amp 
3 Amp 

5 Amp 

5 Amp 

6 Amp 

6 Amp 

7 Amp 
6 Amp 
6 Amp 
6 Amp 

10 Amp 
12 Amp 

2 Amp 
5 Amp 
5 Amp 



581 640 W 7 Amp 

585 725 W 8 Amp 

*Power-line regulation not required if batteries 
are in place and line voltage does not exceed 
125 V. 

Figure B. Chart of Tektronix oscilloscope power 
requirements. 



(2) The second problem is a little more 
difficult. Although slow periodic fluctua- 
tions in power-line voltage can be con- 
veniently handled with a variable auto- 
transformer, as above, there are many 
areas where wide line- voltage variations 
are so frequent that a constant-voltage- 
transformer type of regulator appears to 
be the only solution. However, for proper 
operation of the oscilloscope power sup- 
plies, it is extremely important that the 
regulator does not cause waveform dis- 
tortion. The electronically-regulated 
power supplies in Tektronix oscilloscopes 
require not so much a certain rms voltage 
on which to operate, as a certain mini- 
mum peak -to -peak voltage. Many regula- 
ting transformers of the saturable-react- 
ance type regulate primarily by limiting 
the peaks of the incoming sine waves. 
Either an rms or average-reading AC 
voltmeter (most voltmeters are of the 
latter type) may indicate the proper rms 
voltage for scope operation. However, 
the actual peak-to-peak voltage supplied 
by most of the common “constant- 
voltage” transformers is insufficient for 
proper operation of the scope’s power 
supplies. Under these circumstances ex- 
cessive ripple, jitter, and instability will 
result. Therefore, it is important to use 
only a low-distortion type of regulator — 
one having less than, say 5% distortion 
at the highest expected incoming line 
voltage under full oscilloscope load con- 
ditions. Regulators of this type are 
available through commercial channels, 
though at some increase in cost over the 
models without waveform correction. 

The third problem — serious waveform 
distortion, giving the effect of low line 
voltage — will be discussed in Part 2 
of this article which will appear in the 
June issue of SERVICE SCOPE. The 
discussion will include methods of deter- 
mining whether waveform distortion will 
seriously affect the performance of your 
instrument and suggested solutions for 
the problem. 



USED INSTRUMENTS WANTED 



Type 515 


Gene Pulaski 
200 Maple Ave. 
Graterford, Penn. 


Type 514 or 
Type 515 for 
cash or will 
trade Water- 
man USM- 
24C Pulse- 


J. L. Hartke 
Elec. Eng. Res. Lab. 
University of Illinois 
Urbana, Illinois 


scope 




Type 310 


Carl C. Rosen 
Ray Jefferson, Inc. 

4000 N. W. 28th Street 
Miami 42^ Florida 



Copyright 1961 Tektronix, Inc. 




1 Type RM16 Herb Evans, Chief Eng. 
WTHS-TV 

1410 N. E. 2nd Avenue 
Miami 32, Florida 

1 General Pur- Robert W. Blair, M.D. 
pose DC to 1 3761 Stocker Street 
or 5 me scope Los Angeles 8, Calif. 



5" crt 


Phone : AX 5-4347 


1 Type 575 


Roger Hill 

Electronic Systems of 
America, Inc. 

624 High Street 
Racine, Wisconsin 
Phone: ME 4-7747 


1 DC-to-lOmc 
or better 
scope. 5" crt 


Phil Adelman 
6332 W. 85 th Place 
Los Angeles 45, Calif. 
Phone: OR 4-3504 


1 Type 121 
Amplifier 


Stevens P, Tucker 
Physics Department 
Oregon State College 
Corvallis, Oregon 


1 Type 512 or 
Type 513 or 
Type 514 


Art Humphery 
Digitrols, Inc. 

8 Industry Lane 
Cockeysville, Maryland 


1 Type 531A 
or Type 533 
1 Type 53/54C 
or CA Plug- 
In Unit 


William Bo win 
54-D Oak Grove Drive 
Baltimore 20, Md. 



USED INSTRUMENTS FOR SALE 



1 Type 53/54C 
Plug-In s/n 
7414™ $125 
or best offer 



Ken Mollenauer 
Argonaut Underwriters 
250 Middlefield Road 
Menlo Park, Calif. 



1 Type 514D Gene Phelps 
KPTV 

P. O. Box 3401 
Portland^ Oregon 



1 Type 524AD Seymor Schatz 
s/n 2710 Rainbow TV Sales 

& Ser. 

6302 Fifth Avenue 
Brooklyn 20, N. Y. 
Phone: HY 2-6662 

1 Type G Plug- R. L. Ariitz 
In Unit The Hartman Electri- 

cal Mfg., Co. 

175 N. Diamond Street 
Mansfield, Ohio 



1 Type 543 with Mr. MacDonald 
Type CA Sports Network 
Plug-In 36 West 44th Street 

New York 36, N. Y. 
Phone: MU 2-0117 



1 Type 513D 
s/n 1887 
Asking $495 



Ronald Knight 
Pulse Engineering, Inc. 
560 Robert Avenue 
Santa Clara, Calif, 
Phone: CH 8-6040 



BEWARE OF MISLEADING 
INSTRUCTIONS 

The instructions for installing the Type 
502 Horizontal Beam Registration Field 
Modification Kit (Tek #040-234) con- 
tain an error. On page 4, step 13 should 
read as follows: 

( ) 13. Solder the white-blue wire to 

the #1 wafer, #4 position. 

The possibility exists that there are 
Type 502 instruments in use with this 
mod installed with the white-blue wire 
going to the wrong (#3 position) con- 
tact. Under these conditions, one of the 
horizontal deflection plates will be left 
“hanging” or unconnected. The notice- 
able effect of this error is that with the 
HORIZ. DEF. PLATE SELECTOR 
switch in the UPPER BEAM AMP. 
position, the POSITION control on the 
UPPER BEAM section of the front 
panel will have only 5 cm of horizontal 
range (using normal intensity). 

To correct the error, place the Type 
502 on the bench with the left side fac- 
ing you and remove the side panel. On 
the #1 wafer of the HORIZ. DEF. 
PLATE SELECTOR switch, locate the 
contact with two white-blue wires 
(Note: the #1 wafer is the one nearest 
the mounting bracket). Unsolder^ from 
this switch contact, the white-blue wire 
that is dressed through one of the grom- 
mets on the bottom of the switch bracket 
(Caution: do not unsolder the white- 

blue wire running to the neck of the 
crt). Move the unsoldered wire one 
contact to the right and resolder (this 
contact will have a bare wire going 
to the #2 wafer of the switch). With 
this correction the instrument should 
operate properly. 



TYPE 580 SERIES OSCILLOSCOPE 
TRIGGER CIRCUIT MODIFICATION 

Installation of a Type 581/585 Tunnel- 
Diode Trigger Circuit Modification Kit 
will extend the reliable triggering capa- 
bilities of these instruments out to a full 
100 me. The modification will not impair 
the instrument’s ability to trigger reliably 
on signals of low amplitude or pulses of 
very short duration. 

Time required by a trained technician 
to install this modification is about six 
hours. Tentative triggering specifications 
of the instrument will then be as follows: 



Frequency Amplitude 

Internal DC to 10 me 2 mm 

Triggering 10 me to 30 me 1cm 

30 me to 50 me 2 cm 

50 me to 100 me 3 cm 

DC to 10 me 0.2 V 

External 10 me to 50 me 0.5 v 

Triggering 50 me to 100 me 1.0 v 



This modification applies to all Type 
581 instruments below serial number 511 
and all Type 585 instruments below serial 
number 1071. Please consult your Tek- 
tronix Field Engineer to order this mod- 
ification. 



TYPE 570 CHARACTERISTIC CURVE 
TRACER WILL SAVE THIS CUSTOMER 
MONEY 

Tektronix Field Engineer Francis 
Frost reports that one of his customers 
had need of 19 matched tubes. This cus- 
tomer ordered the tubes from a supplier 
and the charges amounted to $800.00. 
The raw stock price of these tubes was 
$1.95 each. Based on this experience, the 
customer felt he could more than justify 
the purchase of a Type 570 Character- 
istic-Curve Tracer. By matching his 
own tubes, it would take only a couple 
of situations like the one described above 
to realize savings that would more than 
cover the purchase price of a Type 570 
instrument. An extra bonus would be 
that the Type 570 would be readily avail- 
able to the design engineers in tailoring 
circuits to fit the operating character- 
istics of available tubes. Also, tubes 
could be selected faster and more accur- 
ately for circuits requiring other than 
average electron-tube characteristics. 



PREFIXES AND SYMBOLS 

Reproduced in the chart below are the 
prefixes and symbols of electrical units 
as adopted by The National Bureau of 
Standards. 

Your Tektronix Field Engineer has a 
supply of these charts in two sizes; a 
4^" X 7" card suitable for posting near 
your- desk or in your work area, and a 
handy wallet-sized card convenient to 
carry with you as a quick and ready 
reference. 

He offers these charts to you with his 
compliments and suggests you contact 
him if you have not received yours or if 
you require additional charts. 
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MISSING INSTRUMENTS 

Our Chicago Field Office sends word 
that a Type 3 10 A oscilloscope, s/n 13069 
is missing and may have been stolen 
from the Toledo Scale Company, 2033 
South Michigan, Chicago, Illinois. 

If you have any information regarding 
this instrument, please wire or call the 
Toledo Scale Company collect. The tele- 
])hone number is CA 5-7143. 



TYPE 81 PLUG-IN ADAPTER 
PARASITIC OSCILLATIONS 

Parasitic oscillations can occur on the 
trace of Type 581 and Type 585 Oscillo- 
scopes w'hen using the Type 81 Plug-In 
Adapter. These oscillations appear at a 
frequency of approximateh^ 200 me and 
have an amplitude of from two to four 
inm. 

A simple modification of the Type 81 
will eliminate these oscillations. This 
modification consists of 0.01 (li, 150 
volt discap added in parallel to R549, a 
3k, 5w% wnre wound resistor. 

'Po install this modification, remove the 
Type 81 from the oscilloscope and place 
it on the bench bottom side up. Locate 
contacts 14 and 16 on the male am phenol 
connector. Trace back from these con- 
nectors to wdiere R 547 and R 548; two 
93 ht, w, precisioh resistors, join R 549, 
a 3 k, 5 w, wire wound resistor. Solder 
one end of an 0.01 /xf, 150 volt discap to 
this connection and solder the other end 
to the ground lug located on the female 
amphenol connector. 

This modification applies to all Type 



81 Plug-In 
ing- 


Adapters 


except the 


follow- 


105 


232 


279 


646 


107 


236 


502 


649 


136 


237 


590 


652 


140 


250 


600 


653 



143 


264 


641 


654 


152 


266 


642 


655 


154 


268 


644 


656 


188 


272 


645 


664 


These 


instruments 


were modified 


out 



of sequence at the factory. 



REACTIVATING THE CATHODES 

OF ST ORED ^ ~~ J\ 

T CATHODE -^ TUBES 

A cathode-ray tube that has been in 
storage for some time should be “re- 
activated” before being placed in service. 
To reactivate the cathode, operate the 
CRT with 8 volts on the heater (other 
operating conditions normal) for about 
one hour, and follow with 24 hours of 
operation at normal heater voltage. Dur- 
ing the reactivation period the beam 
should be positioned off the face of the 
CRT. 

TEKTRONIX OPENS IN MONTREAL, 
MARCH 15 

Opening the 36th Field Office provides 
more immediate attention to the needs of 
Tektronix customers in Quebec, Nova 
Scotia, Prince Edward Island, New 
Brunswick, and Newdoundland. These 
areas were formerly served from our 
Toronto Field Office. 



CHECK YOUR SERVICE SCOPE 
ADDRESS 1 

Please, if you wish uninterrupted deliv- 
ery of your copy of Service Scope, advise 
us of any change in 3 ^ 0111 - address im- 
mediately. 

After every mailing of this publication, 
our returned mail contains a large num- 
ber of copies marked “un deliverable”. 



Investigation discloses that an addressee 
may have moved only from one room to 
another within the same building, how- 
ever, Service Scope delivered to his old 
address may not reach him. The reason 
for their non-delivery seems to stem from 
the rapid expansion, both in size and ac- 
tivit>q that man 3 ^ companies and military 
installations are experiencing. Appar- 
ently, the people responsible for internal 
distribution of mail at these organizations 
find it difficult to keep abreast of the 
many moves and changes of personnel 
resulting from this expansion. 

As an aid in insuring the delivery of 
mail under these conditions, we would 
like to offer the following suggestions: 
Determine through the people responsi- 
ble for distribution of mail within your 
organization, the address information re- 
quired to assure deliver 3 ^ of mail intended 
for you. Advise >^our correspondents of 
this information. Notify them as quickl>^ 
as possible when changes occur in this 
information. 




A-2063 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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SOLVING POWER LINE PROBLEMS 
FOR BETTER SCOPE PERFORMANCE 

Editor’s note: Part 1 of this article 

appeared in the April 1961 issue of 
SERVICE SCOPE. As explained there, 
the problems that affect Tektronix in- 
struments and arise from the condition 
of excessively high or low line voltage, 
seem to fall into three main categories: 

(1) continuous high or low line voltage; 

(2) fluctuations between high or low 
line voltage; and (3) serious waveform 
distortion, giving the effect of low line 
voltage. The first two of these categories 
were discussed in Part 1 and some sug- 
gested solutions outlined. Part 2, below, 
takes up the third category and concludes 
the article. 



Part 2 

The third major problem — serious 
waveform distortion — is the most dif- 
ficult to overcome, since general-purpose 
correction systems are not always im- 
mediately available. To determine wheth- 
er waveform distortion will seriously 
affect the performance of your instru- 
ment, use an oscilloscope to measure 
carefully the peak-to-peak voltage on the 
instrument’s filament line, and compare 
this reading with the rms reading, as 
taken with a calibrated voltmeter. For 
6.3 volts rms (indicating 117 volts rms 
power-line voltage) the peak-to-peak 
reading on the oscilloscope should be 
17.8 volts. If this reading is less than 
17.0 volts peak-to-peak, it indicates that 
the power siippUed to the instrument is 
not adequate for proper power-supply 
regulation throughout the instrument’s 
nominal 105-125 volts rms rating. The 
instrument will probably be in difficulty 
somewhere above 105 volts rms. A peak- 
to-peak reading of 15.5 volts or less for 
a 6.3 volts rms voltmeter reading indi- 
cates that the instrument’s power supply 
will regulate only marginally even at 117 
volts rms, on the power-line waveform 
supplied. 

We have had reports of a few cases 
where local waveform distortion, com- 
bined with slight deterioration of tubes, 
rectifiers or capacitors in the oscillo- 
scope, has caused a customer to go to 
considerable expense in component re- 
placement because the instrument “drop- 
ped out” of regulation above what ap- 
peared to be 105 line volts. We suggest 
in these cases that an accurate measure- 
ment of the actual peak-to-peak line volt- 
age be made before replacing other than 
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obviously-failed components. An adapter 
such as that illustrated below (Figure C) 



1N207Q 




Figure C. Peak-to-peak reading adapter for 20,000 
0/vo!t V-O-M. 

Use of silicon diodes and oil-filled {or Mylar or 
paper) capacitors assures accurate voltage output. 



RMS 


Peak-to-Peak 


105 V 


297 V 


117 V 


331 V 


125 V 


354 V 



can be used with a voltmeter to obtain 
peak-to-peak measurement of the line 
waveform at moderate construction cost. 
Alternatively an oscilloscope equipped for 
accurate differential voltage measure- 
ments in the 300-350 volt range can be 
used to make the peak-to-peak voltage 
measurement directl}^ from the power 
line. It is not recommended that a scope 
be used “single ended” to measure its 
own power line voltage because of possi- 
ble measurement errors and serious shock 
and damage hazards. The oscilloscope 
power supplies should continue to regu- 
late properly down to 295 volts peak-to- 
peak. If the peak-to-peak line voltage is 
less than 295 volts for an rms reading of 
105 volts, but the scope power supplies do 
regulate correctly at 295 peak-to-peak 
volts, then the trouble is mostly in the 
power-line waveform, and power-supply 
components are probably in good condi- 
tion. 

If power-line waveform distortion 
exists on the power lines into your build- 
ing, the easiest solution may be to have 
the local power company correct the 
waveform for you. Flowever, if it’s caused 
by in-plant equipment (any high -current, 
nonlinear load will cause some distor- 
tion), it may be necessary to apply your 
own waveform-correction, using a filter 
of appropriate design and a transformer 
(to compensate for filter losses) between 
the power line and the oscilloscope. In 
extreme cases wdiere severe fluctuations 
and transients are also involved, it may 
be necessary to employ a motor-generator 
set to obtain a steady, sinusoidal wave- 
form. As before, be sure that the current 
rating of the filter or motor-generator set 
is adequate for oscilloscope operation 
(See Figure B). 





Max. 


Recommended 


Scope 


Power 


Transformer 


Type 


Consumption 


Rating (Min) 


310(A) 


175 W 


2 Amp 


315 


375 W 


4 Amp 


316 


260 W 


3 Amp 


317 


260 W 


3 Amp 


321 


20 W 


V 4 Amp* 


502 


280 W 


3 Amp 


503 


107 W 


1 Amp 


504 


93 W 


1 Amp 


507 


600 W 


8 Amp 


511(A) 


240 W 


3 Amp 


512 


280 W 


3 Amp 


513 


475 W 


6 Amp 


514(A) 


375 W 


4 Amp 


515(A) 


300 W 


3 Amp 


516 


300 W 


3 Amp 


517(A) 


1250 W 


15 Amp 


519 


660 W 


7 Amp 


524(A) 


500 W 


5 Amp 


525 


380 W 


4 Amp 


526 


340 W 


4 Amp 


527 


240 W 


3 Amp 


531(A) 


455 W 


5 Amp 


532 


475 W 


5 Amp 


533 


500 W 


6 Amp 


535(A) 


550 W 


6 Amp 


536 


650 W 


7 Amp 


541 (A) 


520 W 


6 Amp 


543 


530 W 


6 Amp 


545(A) 


600 W 


6 Amp 


551 


900 W 


10 Amp 


555 


1050 W 


12 Amp 


561 


175 W 


2 Amp 


570 


400 W 


5 Amp 


575 


410 W 


5 Amp 


581 


640 W 


7 Amp 


585 


725 W 


8 Amp 



are in 
125 V. 



place and line volfage does nof exceed 



Figure 8. Chart of Tektronix oscilloscope power 
requirements. 



Incidentally, it should be mentioned 
that a step-up transformer alone should 
not be used where waveform distortion 
is the primary cause of power-supply 
regulation problems. If the peak-to-peak 
voltage of a seriously flattened power-line 
waveform is increased sufficiently to ob- 
tain good power-supply regulation, the 
unregulated filament lines in the scope 
will rise to excessive levels, causing pre- 
mature tube failures from increased dis- 
sipation, gas, leakage, and filament burn- 
outs. 

As with other problems in using or 
maintaining your Tektronix oscilloscope, 
you’ll find your local Tektronix Field 
Engineer is anxious to help in identifying 
and solving any power-line problems that 



interfere with your instrument’s best per- 
formance. A list of Tektronix Field 
Offices can be found in our current 
catalog, and is reprinted from time to 
time in Service Scope. 



TESTING UNIJUNCTION TRANSISTORS 
WITH TRANSISTOR CURVE TRACER 

By Walter Keller, Project Engineer, 
Cordis Corporation, Miami, Florida, with 
Jerry Kraxberger, Tektronix Field En- 
gineer, St. Petersburg, Florida, assisting 
with write-up. 

Editors note: If you are (as your 

editor was) in a bit of a quandary as to 
what is a unijunction transistor, a little 
research may be indicated. 

The General Electric Transistor Man- 
ual, Fourth Edition, contains a descrip- 
tion of unijunction transistors with an 
explanation of their theory of operation. 
I believe the short time required to read 
this material will be time well spent. It 
will aid in the more thorough under- 
standing of Mr. Keller’s and Mr. Krax- 
berger’s article and perhaps give a greater 
appreciation of the versatility of unijunc- 
tion transistors in many circuit applica- 
tions. 



The utility of a curve tracer for cir- 
cuit design has proved itself to many. 
For those who have let it become a sec- 
ond “right arm”, it is a major handicap 
when the curve tracer can not be em- 
ployed to study one of the less conven- 
tional semiconductor groups. 

In studying the uniformity of a few 
commercially acquired 2N492 transistors 
— particularly the intrinsic stand-off 
ratio’ or the breakdown point of the emit- 
tor voltage as a function of the voltage 
between the bases — the following tech- 
nique was used: 

Employing any conventional transistor- 
curve tracer, connect B, of a unijunction 
transistor to ground and B 2 to the sweep 
voltage as the collector would be con- 
nected. Then connect the emitter to the 
stepping constant current source and 
shunt a 0.1 /if capacitor from B, to E. 
Sweep the bases with a positive half-sine- 
wave voltage and the emitter with a 
positive constant current just as one 
would do in the common emitter NPN 
connection. (See Figure 1.) 



Collector Sueep UoltaoB 




R (not critical) 



On a Tektronix Type 575 Transistor- 
Curve Tracer, connect B 2 to the terminal 



marked base, and B, to the terminal 
marked emitter (ground). Connect an 

0.1 /if capacitor from emitter to ground. 
Apply voltages for the common emitter 
NPN transistor connection. 

Consider a single emitter current step 
and the accompanying half-sine-wave 
voltage applied to B 2 (illustrated in Fig- 
ure 2). Initially the current is stepped 
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from zero to a positive value of con- 
stant current (say to step #1) as in 
Figure 1. This constant current step 
causes the capacitor C to charge at a 
linear rate and the instantaneous voltage 
is plotted as emitter voltage on the verti- 
cal axis in Figure 2. While the emitter 
voltage is increasing, the B 2 voltage 
(half-sine- wave which coincides with cur- 
rent in step #1) is increasing (moving to 
the right from A to B in Figure 2 ). Even 
though the voltage of B 2 reaches the peak 
value of B, the transistor is inactive be- 
cause the capacitor charges rather slowly. 
As the B 2 instantaneous voltage decreases 
from point B to C, the capacitor voltage 
has increased sufficiently for the emitter 
to trigger the transistor into conduction 
causing the emitter voltage to discharge 
the capacitor voltage from C to D. Note 
that a second (E to F), and even a third, 
firing point can sometimes be observed. 
In Figure 2 we have shown only one 
complete emitter current step with its ac- 
companying Bj half-sine wave sweep. 
Figure 3 is an actual photograph of a 
General Electric Type 2N492 unijunction 
transistor (formerly called double-based 
diode) displayed on a Tektronix Type 575 
Transistor-Curve Tracer. Front panel 
controls of the instrument were set as 
follows; 

Vertical — 0.5 Base Volts/Div. 

Horizontal — 1 Collector Volt/Div. 

Base Step Generator — Polarity to + 
and Step Selector to 0.01 ma/step. 

Collector Sweep — Polarity to -|- and 
Peak Volts to 10 volts on 20 volt 
range. 

Dissipating Limiting Resistor — to ap- 
prox. 2 S2. 

Transistor Mounting Board — to ground- 
ed emitter position. 

If one considers the locus of breakdown 
points (point C for each curve), a com- 
plete relation of emitter breakdown volt- 
age as a function of B 2 voltage is ob- 
tained. All points below and to the right 
are nonconducting points; above and to 
the left are emitter and base voltages 
where conduction would occur with the 
conventional unijunction characteristics. 
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Vp— peak emitter voltage 
N=intrinsic stand-off ratio (1) (2) (3) 



Vbb=interbase voltage 

Tj=junction temp. (Deg. Kelvin) 

In Figure 2 Vp is the emitter voltage on 
the vertical axis and Vbb is the B 2 volt- 
age on the horizontal axis for point C. 
References: 

1. “Silicon Unijunction Transistor 
Types”, General Electric Company Bro- 
chure #Ecg357 Rep 1/60 

2. General Electric Company Transis- 
tor Manual, 2nd. Edition, pp 40-44. 

3. “A Handbook of Selected Semicon- 
ductor Circuits”, NavShips 93483, NObsr 
73231, BuShips, Navy Dept., pp 6-57, cir- 
cuit #6-15. 

4. T.P. Sylvan, “Bistable Circuits Us- 
ing Unijunction Transistors”, Electronics, 
December, 1958. 



TYPE Z UNIT 
DAMAGE HAZARD 

We have found a problem in the Type 
Z Differential-Comparator Units (with 
serial numbers below 749). Under a parti- 
cular set of conditions this problem can 
cause trouble. The contacting sectors of 
the MODE switch ai'e a few thousandths 
too wide. Consequently, if you turn the 
MODE switch too slowly when changing 
from one mode to another you may 
ground the input signal through the 10- 
Turn Precision Potentiometer .. .we 
traced several potentiometer failures to 
this problem. Also, you may short IN- 
PUT A directly to INPUT B as you 
turn the MODE switch. 

You can minimize the chances of this 
trouble occurring by turning the MODE 
switch quickly when changing from one 
position to another — the trouble is more 
apt to occur if you hesitate between 
switch positions. However, a more 
practical way to protect the instrument 
is to install a Z-Unit Field Modification 
Kit, Tek number 040-262. The Kit con- 
tains four each 0.02/if, 150 v capacitors 
and 33 k, % 10% composition resistors, 

a schematic diagram and installation in- 
structions. There is no charge for this 
kit. Place your order through your Tek- 
tronix Field Engineer and be sure to 
include the serial number of the Z Unit 
for which the modification is intended. 

If you prefer, you may obtain the capac- 
itors and resistors locally and make the 
modification using the instructions that 
follow as your guide. First, however, 
consult the switch identification aid 
shown in figure 1 below. 



THE FOLLOWING METBOO IS USED TO IDEhTIFTt SWITCH WAFERS AND dWTACT POSITIONS. 




Wafers are nuabered froo front Co 
rear; wafer one being "HI", etc. 

All contact positions arc meabered 
relative to tbe switch Index key oa 
shown. 



Contacts on front or rear of wafer 
have an "r‘ or "R" suffix, respect- 
ively. 

Positions without contacts are also 
counted to dcteralne the location of 
a certain contact nuaber. 

Exaaple; Wafer one, contact one, 
fa "Wl-ir*, etc. 

Thla netbod applies to all types of 



Figure 1 

Here are the instructions for the mod- 
ification: 



Copyright 1961 Tektronix, Inc. 




INSTRUCTION: 

( ) 1. Remove the strap connecting W2- 
12F to W1-12R of the mode switch 
(see figure 2, step 1), 

( ) 2. Remove the white- violet wire from 
W1-12R (see figure 2, step 2). 

( ) 3. Replace the .01 /tf capacitor (lo- 
cated between W2-12F and the 
metal shield plate of the mode 
switch) with a .02 {li 150 v capac- 
itor (see figure 2, step 3). 

( ) 4. Solder one end of a .02 /if 150 v 
capacitor to W1-12R and solder 
the other end to the metal shield 
separating W1 and W2 (see 
figure 2, step 4). 

( ) 5. Solder one end of a 33 k, ^4 w, 
10‘>4 resistor to W2-12F (see fig- 
ure 2, step 5). 

( ) 6. Solder one end of another 33 k, 
^w, 10% resistor to W1-12R 

(see figure 2, step 6). 

( ) 7. Solder the remaining ends of the 
33 k, 54 w, 10% resistors (just in- 
stalled) and the white-violet wire 
(removed in step 2) together (see 
figure 2, step 7). 

( ) 8. Parallel each of the remaining 
33 k, 54 w, 10% resistors with the 
remaining .02 /if 150 v capacitors. 
Clip both combinations to leads 
of approximately 54 inch. 

( ) 9. Replace the ground strap con- 
necting W2-7R to the shield 
(separating W1 and W2) with 
one of the 33 k — .02 /if combina- 
tions described in step 8 (see 
figure 2, step 9). 

( ) 10. Using a scribe or a sharp solder- 
ing aid, unsolder Wl-IR from the 
shield. Solder the remaining com- 
bination of the 33 k — .02 /if from 
this contact to the key of the 
switch (see figure 2, step 10). 

( ) 11. THIS COMPLETES THE IN- 
STALLATION. Recheck your 
work. 

Figure 2 — Drawing showing installation 

steps for the above Z-Unit field modifi- 
cation. 




USED INSTRUMENTS FOR SALE 

1 Type 524D Jim Robertson 

Chief Engineer 
WLEX TV 
Lexington, Kentucky 
Phone LE 4-8747 
1 Type 511AD Harry Nickerson 

s/n 1730 Chief Engineer 

Chaleo Engineering 
Corporation 



1 Type 511AD 
s/n 1223 



1 Type 535 
s/n 7189 



15126 Broadway Street 
Gardena, California 

Erich Frank 
University of Chicago 
Enrico Fermi Institute 
5630 S. Ellis Street 
Chicago 37, Illinois 
Phone MI 3-0800, 

Ext, 3757 

Chas. Hagen, Test Eng. 
Microsonics, Inc. 

349 Lincoln Street 
Hingham, Mass. 



1 Type 317 or 
other DC to 10 
MC scope 

1 Type 514D or 
Type 515 



2 Type 310 (in- 
struments in 
need of repair 
preferred) 



Charles Woll 
361 Holmes Road 
Holmes, Pennsylvania 

John Creedon 
Applied Radiation 
2404 N. Main Street 
Walnut Creek, Calif. 

Howard E. Winch, 
CWO, W3 
Det. 2, 714th AC& 
WRON 

Driftwood Bay, Alaska 



USED INSTRUMENTS WANTED 

1 Type 531 or Donald Lusk 
Type 532 2521 South Pearl St. 

Denver 10, Colorado 



1 Type 512 or Douglas Waltz 
Type 514 410 West Park Avenue 

Kokomo, Indiana 



1 530 Series (or 
equivalent) 
scope 



George Jacobson 
2931 Anzac Avenue 
Roslyn, Pennsylvania 
Phone TU 4-1345 



1 Type 121 Am- 
plifier (condi- 
tion of instru- 
ment not 
important) 



John West 
Tektronix, Inc. 

442 Marrett Road 
Lexington 73, Mass. 



1 Type 545 



1 Type 524 
and 

1 Type 511 



Chas. Hagen, Test Eng. 
Microsonics, Inc. 

349 Lincoln Street 
Hingham Mass. 

Phone RI 9-3100 

Test Equipment Co. 
9012 Diana 
El Paso, Texas 



ANOTHER NEW FIELD OFFICE 




To better serve the area outlined by 
the map above, we have opened a new 
Tektronix Field Office at 3530 Golden 
Gate Way in the community of Lafayette, 
California. Strategically located in the 
fast-growing East Bay region, this office 
makes the many services offered by a 
Tektronix Field Office more conveniently 
available to people in this area. 

Tektronix Field Engineer Howard King 
will be in charge of the new office. 
Howard joined Tektronix as a Field En- 
gineer in 1956 serving in this capacity 
in our Long Island Field Office until 



June 1959 and more recently in our Palo 
Alto Field Office. 

Tektronix Field Engineer Tony Bryan, 
presently with our Field Office in Endi- 
cott, New York, will join Howard in the 
new location on about July 1st. 

Field Secretary Virginia Brown will 
assist Howard and Tony with details in 
the new office. 

Telephone numbers of the new office 
are: For the Oakland, Berkeley, Rich- 

mond, Albany, San Leandro communities 
CLifford 4-5353; for all others YEllow- 
stone 5-6101. TWX Number: LAF CAL 
1639. 
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MISSING OSCILLOSCOPES 

Our Union, New Jersey Field Office 
sends word that a Type 310A Oscillo- 
scope, serial number 29959, is missing 
and may have been stolen from the Nat- 
ional Cash Register Co. of Newark, New 
Jersey. If 3^011 have any information on 
the whereabouts of this instrument, please 
contact the National Cash Register Co. 
in Newark, New Jersey. 

A WORD OF THANKS 
AND A SUGGESTION 

The February issue of SERVICE 
SCOPE carried an article warning 
against damage that can occur to the dis- 
tributed amplifier of some Type 540/550 
Series Oscilloscopes, 

We wish to thank the many, many 
people who wrote us expressing appreci- 
ation for our candor in bringing the 
situation to your attention. Requests for 
the modification kits have been so num- 
erous we have not been able to procure 
enough components to fill your orders 
promptly. We are asking for your pa- 
tience until we are able to do so. 

In the meantime we would like 
to emphasize the fact that chances 
are extremely small that you will have 
any trouble. If you wish to reduce these 
chances still further, we suggest that you 
check to see that the base of the CRT is 
clamped securely. Most cases of trouble 
have been caused by the vertical deflec- 
tion-plate leads shorting to the edge of 
the CRT shield opening after the CRT 
has moved in its clamp; rough handling 
may cause slippage if the clamp is not 
secure. Some plastic electricians’ tape 
placed around the shield opening will 
also help. 

We do not wish to retract the recom- 
mendation that the modification be 
made — it can prevent a costly repair. 
However, some have felt a degree of 
panic which we did not intend and which 
cannot be justified. 



Field Engineering Offices 



ALBUQUERQUE* Tektronix, Inc., 509 Son Mateo Blvd. N. E., Albuquerque, New Mexico. . , .TWX — AQ 96 AMherst 8-3373 

Southern New Mexico Area: Enterprise 678 

ATLANTA* Tektronix, Inc., 3272 Peachtree Road, N. E., Atlanta 5, Georgia TWX — AT 358 CEdar 3-4484 

Huntsville, Alabama Area: WX 2000 

BALTIMORE* Tektronix, Inc., 724 York Road, Towson 4, Maryland TWX — TOWS 535 VAItey 5-9000 

BOSTON* Tektronix, Inc., 442 Marrett Road, Lexington 73, Massachusetts TWX— LEX MASS 940 Volunteer 2-7570 

BUFFALO Tektronix, Inc., 961 Maryvole Drive, Buffalo 25, New York TWX — WMSV 2 NF 3-7861 

CHICAGO* Tektronix, Inc., 400 Higgins Road, Park Ridge 15, Illinois PK RG 1395 TAlcott 5-6666 

CLEVELAND Tektronix, Inc,, 1503 Brookpark Road, Cleveland 9, Ohio TWX — CV 352 FLorida 1-8414 

Pittsburgh Area: ZEnith 0212 

DALLAS* Tektronix, Inc., 6211 Denton Drive, P. O. Box 35104, Dallas 35, Texas TWX — DL 264 Fleetwood 7-9128 

DAYTON Tektronix, Inc., 3601 South Dixie Drive, Dayton 39, Ohio TWX— DY 363 AXminster 3-4175 

DENVER Tektronix, Inc., 2120 South Ash Street, Denver 22, Colorado TWX — DN 879 SKyline 7-1249 

Salt Lake Area: Zenith 381 

DETROIT* Tektronix, Inc., 27310 Southfield Road, Lathrup Village, Michigan. ,.TWX — SFLD 938 Elgin 7-0040 

ENDICOn* Tektronix, Inc., 3214 Watson Blvd., Endwell, New York TWX — ENDCT 290 Pioneer 8-8291 

GREENSBORO ..Tektronix, Inc., 1838 Banking Street, Greensboro, North Carolina .... TWX — GN 540 BRoadwoy 4-0486 

HOUSTON Tektronix, Inc., 2605 Westgrove Lane, Houston 27, Texas TWX — HO 743 MOhawk 7-8301, 7-8302 

INDIANAPOLIS Tektronix, Inc., 3937 North Keystone Ave., Indianapolis 5, Indiana TWX— IP 361 X Liberty 6-2408, 6-2409 

I KANSAS CITY Tektronix, Inc., 5920 Noll, Mission, Kansas TWX— KC KAN 1112 HEdrick 2-1003 

St. Louis Area: ENlerprise 6510 

LOS ANGELES AREA 

East L. A Tektronix, Inc,, 5441 East Beverly Blvd., East Los Angeles 22, California .... TWX — MTB 3855 . . , RAymond 3-9408 

Encino Tektronix, Inc., 17418 Ventura Blvd., Encino Californio ... .TWX — VNYS 5441 STale 8-5170 

*West L. A Tektronix, Inc., 11681 San Vicente Blvd., West Los Angeles 49, California GRonite 3-1105 

TWX: W L A 6698 From Los Angeles telephones call BRodshow 2-1563 

MINNEAPOLIS Tektronix, Inc., 3100 W. Lake Street, Minneapolis 16, Minnesota. ...TWX — MP 983 WAInut 7-9559 

MONTREAL Tektronix, Inc., 3285 Cavendish Blvd., Suite 160 Montreal 28, Quebec, Canada HUnter 9-9707 

NEW YORK CITY AREA 
*New York City and long Island served by: 

Tektronix, Inc., 840 Willis Avenue, Albertson, L. I., New York. . . .TWX — G CY NY 1416 Pioneer 7-4830 

Westchester County, Western Connecticut, Hudson River Valley served by: 

Tektronix, Inc., 1122 Main Street, Stamford, Connecticut. . . .TWX — ST AM 350 DAvis 5-3817 

♦Northern New Jersey served by: 

Tektronix, Inc., 400 Chestnut Street, Union, New Jersey TWX — UNVL 82 MUrdock 8-2222 

ORLANDO* Tektronix, Inc., 205 East Colonial Drive, Orlando, Florida ..TWX — OR 7008 GArden 5-3483 

PHILADELPHIA* Tektronix, Inc., 7709 Ogontz Ave., Philadelphia 50, Pennsylvania ... .TWX — PH 930 WAverly 4-5678 

PHOENIX* Tektronix, Inc., 7000 E. Camelback Road, Scottsdale, Arizona TWX — SCSDL 52 WHitney 6-4273 

PORTLAND Hawthorne Electronics, 700 S. E. Hawthorne Blvd., Portland 14, Oregon BEImont 4-9375 

POUGHKEEPSIE* ....Tektronix, Inc., 8 Raymond Avenue, Poughkeepsie, New York .. TWX — POUGH 5063 GRover 1-3620 

SAN DIEGO Tektronix, Inc., 3045 Rosecrans Street, Son Diego 10, Colifornia TWX — SD 6341 ACodemy 2-0384 

SAN FRANCISCO BAY AREA 

Lafayette Tektronix, Inc., 3530 Golden Gate Way, Lafoyette, Californio. . . .TWX: LAF CAL 1639 YEllowstone 5-6101 

From Oakland, Berkeley, Richmond, Albany and San Leandro .... Clifford 4-5353 

♦Palo Alto Tektronix, Inc., 3944 Fabian Way, Palo Alto, California TWX — PAL AL 112 DAvenport 6-8500 

SEATTLE Hawthorne Electronics, 112 Administration Bldg., Boeing Field, Seattle, Woshinglon . .TWX — SE 189 PArkwoy 5-1460 

ST. PETERSBURG Tektronix, Inc., 2330 Ninth Street South, St. Petersburg 5, Florida . .. .TWX — ST PBG 8034 ORange 1-6139 

SYRACUSE* Tektronix, Inc., Eost Molloy Road and Pickord Drive, P. O. Box 155, Syracuse 11, New York 

TWX—SS 423 Glenview 4-2426 

TORONTO* Tektronix, Inc., 3 Finch Ave., East, Willowdale, Ontario, Canodo Toronto, BAIdwin 5-1138 

WASHINGTON D. C.* .. Tektronix, Inc., 9619 Columbia Pike, Annandale, Virginia TWX— F CH VA 760 CLearbrook 6-7411 

♦ALSO REPAIR CENTERS Norfolk, Portsmouth and Hampton Virginia Area: Enterprise 741 

17-19 
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Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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ADVANTAGES OF INSTRUMENT 
CYCLING AND A DESIGN 
FOR A CYCLING UNIT 




Figure 1 — Instrument Cycling Unit. 

The cycling of an instrument after re- 
pair invites incipient failure from any 
cause before placing the instrument in 
service. Periodic switching of the instru- 
ment on and off over a span of from 
16 to 24 hours can precipitate tube fail- 
ure (opens" or shorts), electrolytic break- 
down, transformer breakdown or failure 
of components in marginal condition. 
Cycling will also accomplish the gradual 
aging of any new tubes installed in the 
repair process. 

Changes in original characteristics of 
tubes and other newly installed compon- 
ents will most likely occur during the 
cycling period. For this reason, cycled 
instruments require a recheck of calibra- 
tion before returning to service. 

Typical check points are: 

Vertical balance and gain 
Plug-in gain and D.C. balance 
Sweep timing (sweep cal. at 1 msec/ 
cm) 

Complete check and final adjustment 
of trigger operation, 

Les Hurlock of the Tektronix Field 
Training staff has designed a unit to 
control the cycling of repaired instru- 
ments. It provides simplicity of operation 
with reliability and at the same time in- 
corporates sufficient versatility to cover 
most anticipated cycling conditions. 

The unit cycles a maximum of four in- 
struments at a time — two on at a time 
and two off at a time. This arrangement 
limits the current drawn through the wall 
outlet and associated breakers. 

The unit offers a normal duty cycle of 
15 minutes on and 15 minutes off. How- 



ever, by turning the REVERSE-RACKS 
switch, you can leave a particular instru- 
ment on or off for a longer period of 
time. Under these conditions, a MAN- 
UAL-WARNING neon indicates that the 
instrument will not cycle unless done so 
manually. Apart from providing man- 
ual operation, the REVERSE-RACKS 
switch facilitates initial setting up when 
adding an instrument to or removing an 
instrument from the racks. 

By applying the output of a variable 
autotransformer to the AUTOTRANS- 
FORMER-IN connector and switching 
the LINE-AUTOTRANSFORMER 
control to AUTOTRANSFORMER you 
can cycle an instrument at a voltage 
other than that supplied by the line. 

Note: Some means of monitoring the 

auto-transformer voltage should be em- 
ployed. 




Figure 2 shows the circuit design used 
in this cycling unit. Notice the 15 amp 
fuse in the common supply to the upper 
and lower racks. This fuse prevents ex- 
cessive current drain in the event of short 
circuits in the unit or the instruments 
under-going cycling. 

CYCLE UMT PARTS LIST 



QTY. PART 

S'J ITCHES 

1 0P5T Bwp <Su. 1) 

1 OPOT B«p <S«. 2) 

1 SPST (Sw. 3) 

1 OPai (Sw. <.) 

belay 

1 PyJ-Powor* OPOT omp 

TIHER 

1 Harco H3026* JR.P.H.-stananro 15 ™Sn. an 15 n<n. orr 

Unrcp IB.P.H.-ootlonnl 30 ralo. on 30 "In. aft 

INOICCTDR LI Cuts 

1 SocliRt far cancielabrn Cul£j-rod Jewel (Upper) 

1 Socket Tor conaelaPra ijulb-grecin jewel (Lower) 

? 56 115y-6t! Rulbr. 

1 «eon bo lb nocket 

1 «15 neon bulb 

eCWECTGBS 

2 ’ pin rnccarieo, bbIo (Line-In ana Autolrnnafor»Rr-ln) 

L 3 pin, fefflalc (? for Uopor Back and 2 for Lower Bock) 

HISCELLAMCUS 
1 Tuae nsider 

1 15 8"p fuse 

1 100 M coeip. res la tor 

1 Hntal Cabinet 5utJd Au1039-hG* 

Figure 3 shows a chart of the parts re- 
quired to build the cycling unit. 



SERIAL NUMBERS OF INSTRUMENTS 
MODIFIED TO PROTECT 
THE DISTRIBUTED AMPLIFIER 

The February 1961 issue of SERVICE 
SCOPE carried an article warning of 
possible damage to the distributed ampli- 
fiers of Type 540A and 550 Series Oscil- 
loscopes. At that time we promised to 
announce the serial numbers at which a 
corrective modification became effective. 

Here is that information. For the: 

Type 541A s/n 21701 RM41A s/n 1271 
Type 543A s/n 3151 RM43A s/n 101 
Type 545A s/n 29162 RM45A s/n 2191 
Type 551 s/n 3180 
Type 555 s/n 1683 

ALL respective instruments above these 
serial numbers have the modification. 
Also; many, many instruments with serial 
numbers below those listed were modified 
out of sequence. Visually check the dis- 
tributed amplifier of your instrument to 
determine its status. If, after this exam- 
ination, you are still confused as to your 
instruments status, contact your Tek- 
tronix Field Engineer. He has a complete 
list of modified instrument serial numbers. 



MISSING OSCILLOSCOPES 

Through our Chicago Field Office we 
have learned of the loss of a Type 310 
Oscilloscope, serial number 2241 by the 
G. E. X-Ray, 1061 Jackson Boulevard, 
Chicago, Illinois. This instrument disap- 
peared from a car parked in front of the 
G. E. X-Ray office on June 19th, 1961. 
Please contact these people at the above 
address if you have any information on 
this oscilloscope. 

From our Long Island Field Office 
comes word of the disappearance of 
three Type 310 Oscilloscopes from the 
Royal-McBee Corporation at 2 Park 
Avenue, New York City, New York. Ser- 
ial numbers of these missing instruments 
are 11496, 4510 and 4511. If you see any 
of these instruments or have any infor- 
mation regarding them, please contact the 
Royal-McBee Corporation or your near- 
est Tektronix Field Office. 

Seems that the Type 310's handy size 
and convenient portability make it a high- 
ly desirable item for those who purchase 
on a “midnight requisition”. 

A Type 545A Oscilloscope, serial num- 
ber 22088, and a Type L Plug-In Pre- 




amplifier Unit, serial number 6696, are 
missing from the Osborne Electronic 
Corporation, 712 S.E. Hawthorne Boule- 
vard in Portland, Oregon. These instru- 
ments were apparently taken from the 
premises of the Osborne Electronic Cor- 
poration by unauthorized persons on the 
night of March 31, 1961. Please call the 
Osborne people if you have any informa- 
tion on these instruments. Their tele- 
phone number is BE 2-0161. 



TYPE 53/54C AND TYPE C-A 
PARASITIC OSCILLATIONS 

On some Type 53/54C and Type C-A 
Plug-In Units a parasitic oscillation oc- 
curs when the attenuator switch is in the 
.1 VOLTS/CM position and the input 
is grounded or connected to a low im- 
pedance source through a patch cord. 

Where these oscillations are only an 
occasional problem the solution may be 
to use short ground straps or alligator 
clips to ground the input instead of patch 
cords, and use coaxial cables or shielded 
leads to couple the input to a low im- 
pedance source. If this is an impractical 
solution or the oscillations are a con- 
tinuing problem, modification of the 
plug-in unit is recommended. 

Type C-A units with serial numbers 
above 25730 will have this modification 
incorporated at the factory. For all other 
Type C-A or Type 53/54C units here’s 
how you install the modification : 




9f tvo* 



Shown in Figure 1 are the two portions 
of the channel A schematic affected by 
this modification. The two corresponding 
portions of the Channel B schematic are 
identical except for identifying com- 
ponent numbers. Whereas; identifying 
numbers for components in Channel A are 
in the 3300 range those of Channel B 
are in the 4300 range. Bear this in mind 
as you follow the ensuing instructions. 

Channel A — 

( ) 1. Locate C3322 (C3023*), a variable 
tubular-capacitor mounted on the chassis 
under the Channel A VOLTS/CM 
switch. From this capacitor, unsolder 
the 1 meg, ^ w, 10%, composition re- 
sistor paralleled by a 0.01 discap. 

( ) 2. Solder one lead of a 47 12, ^ w, 
10%, composition resistor to the lead of 
the resistor-capacitor combination un- 
soldered in step 1. Solder the other lead 
to the variable tubular-capacitor C3322 
(C3023*). 



( ) 3. On the dielectric mounting board 
situated beside the Channel A VOLTS/ 
CM switch locate the variable tubular- 
capacitor C3311C (C4823*). From this 
capacitor a bare wire runs to a contact 
on the second-from-the-front ceramic 
wafer of the Channel A VOLTS/CM 
switch. Replace this bare wire with a 47 
12, ]/2 w, 10%, composition resistor. 

Channel B — 

( ) 4. Locate C4322 (C4823C*). a variable 
tubular-capacitor mounted on the chassis 
under the Channel B VOLTS/CM 
switch. Unsolder from this capacitor the 
1 meg, ^2 w, 10%, composition resistor 
paralleled by a 0.01 discap. 

( ) 5. Solder one lead of a 47 12, ^ w, 
10%, composition resistor to the lead of 
the resistor-capacitor combination unsold- 
ered in step 4. Solder the other lead to 
the variable tubular-capacitor C4322 
(C4023*). 

( ) 6. On the dielectric mounting board 
situated beside the Channel B VOLTS/ 
CM switch, locate the variable tubular- 
capacitor C4311C (C4923C*f. From this 
capacitor, a bare wire runs to a contact 
on the second-from-the-front ceramic 
wafer of the Channel B VOLTS/CAI 
switch. Replace this bare wire with a 
47 12, w, 10%, composition resistor. 
This step completes the modification. 

*53/54C Unit symbol numbers 



TWO NEW SILICON- RECTIFIER 
MODIFICATION KITS AVAILABLE 

Because they offer better reliability and 
longer life, the relatively new silicon recti- 
fiers are generally preferred over selenium 
rectifiers. 

You can enjoy the advantages of these 
new rectifiers in your Type 517 or Type 
517A Oscilloscopes by installing a Type 
517 Silicon Rectifier Mod Kit, Tek num- 
ber 040-210. Each kit contains a prewired 
chassis with silicons mounted, schematic, 
parts list and step-by-step instructions. 
Type 517 or Type 51 7 A instruments with 
serial numbers 101 through 1900 will 
accept this modification — instruments with 
serial numbers above 1900 come equipped 
with silicon rectifiers. Price of the Mod 
Kit is $50.00. 

Users of Type 524D or Type S24AD 
Oscilloscopes can also enjoy the benefits 
of silicon rectifiers by the installation of a 
Type 524 Silicon Rectifier Mod Kit, Tek 
number 040-236. Price $32.00. All but the 
following Type 524D and Type 524AD 
instruments will accept this modification: 

1. Those with serial numbers 941, 989, 
991, 994, 996-998, 1000, 1002, 1006- 
1008, 1039-1044, 1046-1049, 1051-1053, 
1055, 1057, 1058. 

2. Those instruments that have had 
Mod Kit 040-055 or 040-056 installed 
(selenium stack relocated in line with 
the fan). 



For instruments in the above categories, 
or for instruments with serial numbers 
above 1069 which do not have silicon 
rectifiers, we suggest Type 524 Silicon 
Rectifier Mod Kit, Tek number 040-177. 
Price $22.00. 

Both the 040-177 and the 040-236 mod 
kits contain a completely wired chassis 
with silicons mounted, schematic, parts 
list and step-by-step installation instru- 
tions. 

Order these kits from your Tektronix 
Field Engineer or Field Office. Be sure 
to include the serial number of the instru- 
ment you intend to modify. 



CRYSTAL-OVEN MOD KIT FOR 
TYPE 180 TIME MARK GENERATOR 

The installation of a Type 180 Crystal- 
Oven Mod Kit in a Type 180 Time Mark 
Generator will improve the frequency sta- 
bility of this instrument. The modification 
replaces the original one megacycle crys- 
tal-controlled oscillator with a one mega- 
cycle crystal-controlled oscillator mounted 
in a temperature-stabilized oven. A trim- 
mer capacitor provides a means of adjust- 
ing the crystal frequency to zero beat 
with W.W.V. The modification gives to 
the Type 180 a stability comparable to 
that of its successor instrument, the Type 
180 A. 

In addition to the crystal oven with 
crystal, the kit contains: other necessary 
components, schematics, parts list, and 
step-by-step installation instructions that 
include photographs. 

Order from your Tektronix Field En- 
gineer or Field Office. Ask for Type 180 
Crystal Oven Mod Kit, Tek number 040- 
252. Price is $35.00. 



SERVICING HINT 

Should you find it necessary to replace 
a precision resistor in the sweep timing 
circuits of Tektronix oscilloscopes, from 
stock you have on hand or purchased 
locally, we suggest you contact your local 
Field Engineer. One brand we have 
supplied in the past year has not proved 
to be as stable as most. 



USED INSTRUMENTS WANTED 

1 Type 502 Ralph Wiese 

674 Sweetbriar 
Milford, Michigan 

1 Type 515 Larry Rhoades 

Systems Research Labs. 
500 Woods Drive 
Dayton 32, Ohio 

Copyright 1961 Tektronix, Inc. 




1 each Type A, Jim Wright 
B, C, G, H, K, 2319 E. Indianola 
& L Plug-In Phoenix 16, Arizona 
Units 



1 Type 511, 
Type 513 or 
Type 514 



John Padalino 
35 Gail Road 
Morris Plains, N. J. 
Phone: JE 9-3918 



USED INSTRUMENTS FOR SALE 

1 Type R Plug- Bill Crouch 

In Unit, s/n Plug-In Instruments, 
342. Price Inc. 1416 Lebanon Road 

$225.00 Nashville, Tenn. 



1 Type 524, s/n 
1161 



Jack Bennet, Engineer 
C.B.S. Electronics 
100 Endicott Street 
Danvers, Mass. 



1 Type 127 William H. Read 

Continental Leasing Co. 
5215 Hollywood Blvd. 
Los Angeles 27, Calif. 
Phone; HO 9-5371 



1 Type 524AD, 
s/n 1813 
1 Scopemobile 
Price for both 
$850.00 



A'lonty 

Studio City Television 
12504 Moorpark Street 
Studio City, California 
Phone: PO 6-4555 
TR 7-1441 



QUESTIONS FROM THE FIELD 



1. Q; We are having difficulty with 

noise coming through our 115-v ac 
line; this noise is being generated 
by rf oscillations in a nearby depart- 
ment. Do you have any information 
regarding toroid filters that may 
help correct the situation? 

A: Toroid cores with an OD of 1”, 

ID of 3^” and a thickness of 
placed on the instruments power 
cord should help in filtering out 
the unwanted signal. It will prob- 
ably be best to make up a special 
power cord. Remove the plug or 
“cap” from the power cord and 
thread the cord through the core 
repeatedly until the core center is 
tightly loaded. Use two or more 
cores if necessary. If you are un- 
able to obtain the cores locally, you 
can order them through your Tek- 
tronix Field Engineer. Ask him for 
Tek part number 276-519. Price is 
60 cents each. 

2. Q: It looks as if the Type 81 Plug- 

In Adapter’s plate dropping resistor 
R532 (4.7 k, w, 10%, composition) 
for the output cathode follower 
might be a bit low on the wattage 
rating. A check of several adapters 
reveals this resistor to be blackened 
around its center. Could we replace 
this resistor with a 2 watt resistor 
of otherwise equal value and rating? 

A: Your tip is correct. Our check 

reveals that R532 is dissipating ap- 



proximately 1.3 watts of power; 
that’s a little too much. A modifi- 
cation has been submitted to clear 
up this problem on production in- 
struments. On instruments in the 
field, this resistor should be replaced 
with a 2 watt resistor if it shows 
indication of overheating or burn- 
ing. 

3. Q: What is an easy way to check 

6DK6’s for cathode interface. 

A: Feed a signal from a Tektronix 

Type 105 or Type 107 Square Wave 
Generator into the oscilloscope. Con- 
trive to shift (via a Variac, Power- 
stat or some similar instrument) the 
line voltage supplying power to the 
oscilloscope. If the overshoot in the 
response changes with line voltage 
you have it! (cathode interface). 
Interface will increase as you de- 
crease line voltage. 

Editor’s note: We refer you to the 
August 1960 issue of SERVICE 
SCOPE. An article in that issue 
dealt at some length on the problem 
of cathode interface. The title of the 
article — “Does the Square Wave 
Response of Your Scope Look Like 
This”. 

4. Q: Let us assume that by miscalcu- 

lation a very high potential is ap- 
plied to the signal input of the Type 
507 Oscilloscope. Does the Type 
507 have any protection for the 
operating personnel under these cir- 
cumstances? 

A: We trust a good deal to the oper- 

ator’s judgment in using any oscil- 
scope. However, included as an 
accessory with every Type 507 is a 
heavy copper buss. Mounted in this 
buss are three coaxial connectors 
and a ground post. In operation of 
the instrument, the connectors on 
the buss are attached to the con- 
nectors on the rear of the Type 
507. The grounded side of the coax- 
ial fittings provide connection be- 
tween the oscilloscope, ground, and 
the ground post at the test setup. 
It is essential, and should be man- 
datory, that the observation-shack 
ground be tied to the oscilloscope 
also. This should be done by means 
of the ground post on the buss 
mentioned above. 

5. Q: Is there a way of .synchronizing 

the oscillators of a number of Q 
Units? 

A: Yes. Connect pin 5 of T5779 in 
the first Q Unit to pin 1 of V5770 
in the second Q Unit through a 
50 pf capacitor. Connect the sec- 
ond Q Unit to the third Q Unit in 
this same manner, etc. This injects 
enough signal from the first unit 
into the second, from the second 
into the third, etc., to bring the 
oscillators of the several units into 
synchronization. However, for this 
method to work the oscillators of 
the several Q Units must all be ad- 
justed to operate at or very near 
the same frequency. Adjustment of 
oscillator frequency is explained on 
page 6-2 of the Q Unit Instruction 
Manual. 



The need for oscillator synchro- 
nism arises when long input leads 
to the Q LFnits are laid closely to- 
gether or when the leads are not 
adequately shielded. Under these 
conditions, capacitive coupling of 
signals will occur and cause erron- 
eous readings at the output of the 
Q Units, 



DOUBLE PULSER OUTPUT FEATURE 



The Tektronix Type 535, 545, 535A, 
545A, 555 and 585 Oscilloscopes contain 
a double pulse generator. When these 
instruments are set up to provide the 
“superposition of waveform” feature, the 
-f GATE A (+GATE MAIN SWEEP)^= 
provides .a double pulse output with the 
following variables: 

a) The width of the pulse is variable 
via the Time Base A TIME/CM (Main 
Sweep TIAIE/CM)* switch and is vari- 
able with the concentric variable control. 

b) The time of occurrence relative to 
the pulse is variable bv way of the DE- 
LAY-TIME MULTIPLIER control. 

c) The point of the double pulsing- 
action can be varied by way of the Time 
Base B TIME/CM or DELAY TIME 
(Delaying Sweep TIME/CM or DELAY 
TIME)* switch and the concentric 
LENGTH control. 

Here’s how you set up the oscilloscope 
to provide the “superposition of wave- 
form” feature: 

1. Connect the VERT. SIG. OUT con- 
nector to the Time Base B TRIGGER 
INPUT (Delaying Sweep TRIGGER 
OR EXT. SWEEP IN)* connector. 
Connect a capacitor of about 100 fi/xi ca- 
pacitance between the -f-GATE B ( + 
GATE DEL’G SWEEP) * connector 
and the DEL’D TRIG. (DEL’D TRIG. 
FROM MAIN OR DEL’G SWEEP)* 
connector. 

2. Set the HORIZONTAL DISPLAY 
switch to ‘B’ INTENSIFIED BY ‘A’ 
(DELAYING SWEEP)* Connect the 
source of the wave train to the INPUT 
or CHANNEL connector of the plug-in 
preamplifier. Adjust the controls to ob- 
tain a delayed sweep. Turn the DELAY- 
TIME MULTIPLIER control to a set- 
ting in the upper part of its range. Ad- 
just the Time Base B TIME/CM OR 
DELAY TIME (Delaying Sweep 
TIME/CAI OR DELAY TIME)* con- 
trol so that the desired number of wave- 
forms is displayed. 

3. You should now observe two bright- 
ened portions of the display — one at the 
start of the display at the left-hand end of 
the graticule, and the other at a later 
point along the graticule. Set the Time 
Base A TIME/CM (Main Sweep TIME/ 
CAI and MULTIPLIER)* control so 
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that the left-hand brightened portion in- 
cludes the first waveform in the train. 
With the DELAY-TIME MULTI- 
PLIER, move the second brightened 
area so that it includes the waveform 
you want to compare with the first 
waveform in the train. 

4. Set the HORIZONTAL DISPLAY 
switch to ‘A’ DEL’D BY ‘B’ (MAIN 
SWEEP DELAYED)* The display 
should now present both the first wave- 
form in the train and the other waveform 
that was brightened in the preceding 
step. You can now use the DELAY- 
TIME MULTIPLIER to superim- 
pose these two waveforms for precise 
comparison. The resulting reading of the 
DELAY-TIME MULTIPLIER, multi- 
plied by the TIME/CM OR DELAY 
TIME setting indicates the delay time 
between the waveforms being compared. 
You can also now observe any jitter in 
the second waveform with respect to the 
first. 

* Captions in parenthesis refer to the 
Type 535 and Type 545 instruments. 

FUNDAMENTALS OF SELECTING 
AND USING OSCILLOSCOPES 

Two authoritative articles covering the 
fundamentals of selecting and using oscil- 
loscopes are now available in a single 
booklet. These articles originally ap- 
peared in ELECTRICAL DESIGN 
NEWS; the first one, “Factors Affect- 
ing the Validity of Oscilloscope Measure- 
ments”, in the November 1960 issue and 
the second, “Appraising Oscilloscope 
Specifications and Performance”, in the 
February 1961 issue. 

Author of the articles is John Alulvey. 
John has been with Tektronix since 1952. 
He has worked in Test and Calibration, 
in Engineering and in Marketing. In ad- 
dition, he has had nearly six years exper- 
ience in the Philadelphia and Los Angeles 



areas as a Field Engineer. At present 
he is manager of the Field Information 
Group supporting Field Office activities. 
His wide experience enables John to 
write clearly and interestingly about his 
subjects. We believe you will find the 
booklet informative and helpful. 

A copy of this booklet may be obtained 
through your Tektronix Field Engineer 
or the nearest Tektronix Field Office. A 
current list of Tektronix Field Offices 
appeared on page four of the JUNE 1961 
issue of SERVICE SCOPE. 



DC RELAY FIELD MODIFICATION KIT 
FOR “A” SERIES 530/540 
OSCILLOSCOPES 

Magnetic flux leaking from the ac re- 
lays will cause ripple on the crt trace of 
some 530/540 “A” Series instruments. 
Rack mounted instruments seem to be 
most susceptible to this difficulty because 
the crt shield is oriented differently with 
respect to relay location. 

A way to tell how much, if any, ripple 
is caused by the relay is: 

1. Short the vertical-deflection plates 
together and rapidly rotate the hori- 
zontal position control back and 
forth while looking for vertical rip- 
ple. 

2. Short the horizontal-deflection plates 
together and rapidly rotate the ver- 
tical-position control back and forth 
while looking for horizontal ripple. 

A Field Modification Kit that replaces 
the ac relay with a dc relay in the 530/ 
540 “A” Series Oscilloscopes is now 
available. This modification will elimin- 
ate the ripple stemming from the ac relay 
in these instruments. It will also improve 
the relay and power supply reliability by 
eliminating the relay chatter. 

The kit contains a complete set of com- 
ponents including; a new time-delay re- 
lay and power- supply relay, parts list, 



schematic and step-by-step instructions. 
Ask for DC Relay Field Modification Kit, 
Tek. No. 040-258. Price is $8.00. 

We earnestly recommend you consult 
your Tektronix Field Engineer before 
ordering this modification kit. It is al- 
ways to your advantage to avail yourself 
of his help when ordering Tektronix in- 
struments, replacement parts or modifica- 
tion kits. It may be particularly so in 
this instance. 



THE CORRECT TOOL 

The correct tool makes a difficult job 
easier. It may also point to a successful 
solution for a seemingly impossible task. 
Conversely, the selection of an incorrect 
tool will result in costly delays and bit- 
ter disappointment. 

The purchase of an accurate, reliable, 
high-quality oscilloscope involves a sub- 
stantial sum of money. In these days of 
tight schedules and even tighter budgets, 
it is of prime importance that the instru- 
ment selected do the job as efficiently, 
as easily and as quickly as possible. It 
is to this end that a great measure of the 
Tektronix Field Engineer’s training is 
directed. 

There are many types of oscilloscopes, 
each designed for a specific application 
area... from the broad general-purpose 
oscilloscope to the highly specialized in- 
strument. Your Tektronix Field Engineer 
can help you make the best possible in- 
vestment by recommending the oscillo- 
scope best suited to your present and 
future needs. He will be happy to back 
up his recommendation with an actual 
demonstration of the instrument in your 
application. But he will not hesitate to 
recommend some other method of at- 
tacking the problem if it appears to meet 
your requirements more efficiently. Try 
him. A no-pressure consultation with him 
can help you select the correct tool for 
your work. 



A-2093 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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PROTECTION OF TYPE 
321 VERTICAL AMPLIFIER 
AGAINST TRANSIENTS 

Under certain conditions, the transistor 
Q443* in the vertical amplifier of the 
Type 321 Oscilloscope will fail. With the 
VOLT/D IV switch in the most sen- 
sitive (0.01 v/div) position, an inadvertent 
connecting of the signal input to a high- 
voltage overload will cause damage to 
this transistor. Or, with the INPUT 
switch in the AC position, C401 — the AC- 
input coupling capacitor — can charge to 
a high negative voltage (150-500 v). If, 
immediately after reaching this charge, 
the capacitor should suddenly be dis- 
charged by the grounding of the scope 
input, the transistor will suffer damage. 
In either instance, the resulting positive 
surge will cause an excessive B-to-C 
voltage that will exceed the collector 
breakdown voltage of Q443. 

A germanium diode connected between 
the cathode of V423 (5718 input CF) 
and the 6.3-v dc filament supply will pro- 
tect Q443 against the positive-going 
surges generated under these conditions. 
The modification will in no way impair 
the instrument’s performance. We recom- 
mend the use of the low-capacitance 
Type T12G (or equivalent) diode. 

To add this protective circuit to the 
Type 321, connect the recommended 
diode from the cathode, pin 5, V423, to 
the 4-6.3 v (decoupled) source, which 
supplies filament power to pin 6, V423. 
The cathode (color-coded) end of the 
diode should be connected to the fila- 
ment line so that in normal operation the 
diode is back-biased by about 5 volts. 
See figure 1 below. 




Figure 1 

The schematic diagram for the instru- 
ment should be modified as shown in 
figure 2 and the new diode assigned the 
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Figure 2 

symbol D482 and added to the instru- 
ment-manual’s parts list. 

This modification applies to all Type 
32\ Oscilloscopes with serial numbers 
below 479. A factory installed modifica- 
tion protects Type 321 ’s with higher ser- 
ial numbers. 

* This transistor is identified as Q433 on 
some early schematic diagrams. 



FLORIDA OFFICE CONSOLIDATION 
BENEFITS CUSTOMERS 

On September 1, 1961, our St. Peters- 
burg, Florida Field Office consolidated 
with our Orlando, Florida Field Office. 
This consolidation will provide larger, 
more complete facilities and improved 
service benefits to Tektronix customers 
in the affected areas. 

Among the factors recommending this 
action several are of particular impor- 
tance to customers in these areas: 

(1) Recent expansion of facilities at 
the Orlando Field Office provide an en- 
larged and more complete emergency re- 
pair-parts stock, 

(2) Direct access to an enlarged re- 
pair-parts stock by your Tektronix Field 
Engineer. Also, more readily at his dis- 
posal are the field maintenance skills of 
the enlarged and well-equipped Field Re- 
pair Center. 

(3) Installation of- special equipment 
to wash instruments when the need for 
this treatment is indicated. This equip- 
ment includes an oven to dry or bake 
out residual moisture' in washed instru- 
ments. 

(4) Improvements in the Florida high- 
way system now permit effective service 
of the eastern and .southern parts of the 
state from this combined Field Engineer- 
ing Office and Repair Center. 



(5) Greater utilization of Field Office 
personnel and facilities are made possible 
under this consolidation. Customers in 
the affected areas — and this includes the 
St. Petersburg-Tampa area — will receive 
improved Field Engineering coverage 
and service benefits. 

Customers in the St. Petersburg- 
Tampa area may call the Orlando Office 
toll free by using the telephone number 
WX2199. 

For all others, the telephone number 
for the Orlando (Office is GArden 5-3483. 

Regular visits by our Field Engineers 
will continue to provide our Puerto Rico 
customers with the same service enjoyed 
b\^ our customers in Florida. 

From Puerto Rico call — Orlando, 
Florida, GArden 5-3483 or write to: 
Tektronix, Inc. 

205 East Colonial Drive 
Orlando, Florida. 



TEKTRONIX POLARIZED VIEWER FOR 
TEKTRONIX 5" OSCILLOSCOPES 

To people who must view oscilloscope 
traces under high ambient light condi- 
tions, the problem of light reflections is 
an irritating one. 

Interpreting an oscilloscope display 
under these conditions is always difficult 
and sometimes well nigh impossible. 
Even with the intensity turned up to 
maximum brightness this is true. And 
here one encounters another hazard. 
There is always the possibility of per- 
manent damage to the ert phosphor when 
the INTENSITY control is set to give 
maximum trace brightness. This is parti- 
cularly true when the instrument is 
operated at the slower sweep speeds. 

The new Tektronix Polarized Viewer 
was designed to overcome these prob- 
lems stemming from high ambient light 
conditions. Installed on your oscillo- 
scope, it will reduce light reflection prob- 
lems to a negligible factor and eliminate 
the need for dangerous intensity settings 
at slow sweep speeds. 

The pictures shown below were taken 
in a well lighted office with large win- 
dows and a southern exposure. The day 
was very bright and sunny. These factors 
combined to give an extremely high am- 
bient light condition. 

Both pictures were taken without alter- 
ing the position of the oscilloscope or 
camera. This fact is attested to by com- 
paring the pattern of front panel light 



reflections. Close scrutiny will also dis- 
close that the position of the front panel 
controls are the same in both pictures. 

Figure 1 shows the oscilloscope with- 
out the Polarized Viewer. The Amplitude 
Calibrator waveform being displayed on 
the crt was barely discernable to the 
naked eye and does not show in the 
photograph at all. Figure 2 with the 
Polarized Viewer in place eliminates re- 
flection from the crt and the Amplitude 
Calibrator waveform is readily visible. 




Figure 2 



The Viewer slips on or off the oscillo- 
scope in a matter of seconds. There are 
no nuts or bolts to loosen or tighten. 

Ask your Tektronix Field Engineer for 
a demonstration of the Polarized Viewer. 
Tek part number is 016-035. Price is 
$ 10 . 00 . 



NEW FIELD MODIFICATION KITS 

SILICON-RECTIFIER MODIFICA- 
TION KIT 

For Type 532, s/n 101 to 6921, and 
Type RM32 Oscilloscopes, s/n 101 to 
449. 



This modification replaces the selenium 
rectifiers with silicon rectifiers which of- 
fer more reliability and longer life. 

The kit includes a prewired chassis 
with silicon diodes mounted, step-by-step 
installation instructions, photo, parts list 
and schematic. 

Approximate installation time by a 
trained technician is 30 minutes. 

Order through your Tektronix Field 
Engineer. Specify Type 532 Silicon 
Rectifier Mod Kit, Tek. No, 040-218. 
The price is $12.00. 

PRESET-STABILITY MODIFICA- 
TION KIT 

For Type 532 Oscilloscopes, s/n 5420 
to 5665. 

This modification installs a new poten- 
tiometer and preset switch to enable the 
operator to quickly switch to a preset- 
stability setting. 

The kit includes a Stability-Potentio- 
meter-and-Preset-Switch assembly, step- 
by-step installation instructions, parts list 
and schematic. 

Approximate installation time by a 
trained technician is one honr. 

Order through your Tektronix Field 
Engineer. Specify Type 532 Preset- 
Stability Mod Kit, Tek. No. 040-244, 
Price is $6.50. 



TYPE “N” PROBE-POWER FIELD 
MODIFICATION KIT 

For Type N Plug-In Units, s/n 101 to 

220 . 

This modification kit installs a probe- 
power socxet on the front panel of the 
Type N Plug-In unit. It permits the use 
of the P6025 Cathode-Follower Probe* 
-a high impedance probe designed for 
use with the Tektronix Type N Plug-In 
Unit. 

The kit includes a probe-power socket, 
necessary hardware, tags, photos and 
step-by-step installation instructions. 

Approximate installation time by a 
trained technician is one hour. 

Order through your Tektronix Field 
Engineer. Specify Type “N” Probe- 
Power Field Mod Kit. Price is $8.65. 

* The P6025 Cathode-Follower Probe 
will be in full production by December 
1961. 



EXTERNAL-TIME-SWEEP MOD- 
IFICATION KIT 

For Type N Plug-In Units, s/n 101 to 

220 . 

This modification installs an External- 
Time-Sweep socket on the front panel of 
the Type N Plug-In Unit to permit the 
use of two N Units in the Type 551 or 
Type 555 Oscilloscopes. 

The kit includes all the necessary hard- 
ware, tag, photo and step-by-step instal- 
lation instructions. 

Approximate installation time by a 
trained technician is 30 minutes. 

Order through your Tektronix Field 
Engineer. Specify Type “N” External- 
Time-Sweep Mod Kit, Tek. No. 040-246. 
Price is $3.10. 



SERVICING HINTS 

TYPE 107 WAVEFORM DISTOR- 
TION 

Some Type 107 Square-Wave gen- 
erators prior to s/n 1450 may produce 
distorted waveforms. We find that hi- 
gain 12BY7’s in V45 and V55 positions 
of the affected instruments produce oscil- 
lations which result in poor risetime and 
cause a step in the negative portion of 
the square wave (see Figure 1; a, b. c.). 
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Figure 1 




b. Output 




When viewed on a Type 585 scope, the 
risetime of the affected Type 107's 
ranged from 4.0 to 8.0 nanoseconds, de- 
pending upon the particular tubes used. 
In less extreme cases of oscillation, the 
risetime varied with frequency. 

To correct this condition in your in- 
strument, dress coupling capacitors C57 
and C67 down close to the filament buss 
line. Relocate C49 and C59 directly over, 
the tube sockets, and with leads as short 
as possible. Connect these capacitors be- 
tween pins 1 and 8 of their respective 
sockets, C49 and C59 should be dressed 
Copyright 1961 Tektronix, Inc. 
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Figure 3 



in an upright position (see Figure 3 for 
proper parts layout). 

Type 107’s from s/n 1450 on are modi- 
fied at the factory and should not have 
this problem. (Figure 2; a, b, c, shows 
waveforms of a properly working Type 
107). 

TEKTRONIX TYPE 545 CALIBRA- 
TION AND MAINTENANCE PRO- 
CEDURE ERROR. 

The figures given in the “Tektronix 
Type 545 Oscilloscope Calibration and 
Maintenance Procedure” (Tek. No. 070- 
282) contain an error. The figures given 
for the vertical amplifier stage gains 
(Step 7. 7. 3.1, page 3-30) are not correct. 
Corrected pages 3-30 will be distributed 
to Tektronix Field Offices as soon as 
possible. 

Meanwhile, existing copies should be 
corrected as follows: 

7.7.3. 1 Insufficient Gain. Use a reg- 
ular voltage measurement plug-in in the 
instrument under test. Check stage gains 
to assure even phase-splitting ahead of 
the main vertical-amplifier input. Meas- 
ure amplitude at each grid comparing 



gain against the tables 


below: 


Gain 


12BY7A or 6AW8 
(GAIN ADJ. clock- 


Min. 


Normal 


wise) 

6BQ7/6DJ8 Cath- 
ode-Follower 


4-4.5 


5.5-6 


Stage* 

Distributed Ampli- 
fier (6CB6’s or 


0.7 


0.7 


6DK6’s) 


20-22 


22-24 



* Above serial numbers 9292, 0.7 gain is 
total for both cathode-follow^er stages. 
If input and output stages are at or near 
minimum gain, tubes in one or both 
stages may require replacement. 

If overall amplifier gain is 70 or more, 
the trouble is probably not in the ampli- 
fier, and may be in crt sensitivity. Re- 
check high voltage supplies (4.1) and 
Deflection factor (6.4). 



If vertical amplifier tubes are changed, 
be sure to repeat all parts of Step 7. If 
tube change does not provide correct 
gain, check plate-load resistors, screen 
potentials, decoupling networks, filament 
lines, etc. Also check calibrator accur- 
acy (Step 8.) 



USED INSTRUMENTS WANTED 

1 Type 515 or R.H. Dempey 

Type 515 a or Electronic Services 

Type 516 3648 Harkness Street 

Napa, California 
Phone: B Aid win 
6-7773 

I Type 531 Customer prefers his 

I Type 53/54C name be kept confi- 

dential. Please direct 
inquiries to the Tek- 
tronix Endicott Field 
Office, 3214 Watson 
Blvd., End well, New 
York 

1 Type 513D, R.H. Cook 

Type 514 or 1213 Webster 

Type 310 Royal Oak, Michigan 

1 Type 541 AD Johny Russell 

or Type 511AD2870 Ronald Street 
Riverside, California 
Phone: OVerland 
6-6119 



USED INSTRUMENTS FOR SALE 



1 Type 511 AD 


Dick Stivers 


s/n 1821 


Valor Electronics 
13214 Crenshaw 
Gardena, California 
Phone: FAculty 
1-2280 


1 Type 531 


Dr. K.L. Cook 


s/n 2456 


University of Utah 


1 Type 53C 


Geophysics Depart- 


s/n 3580 


ment 

Salt Lake City, Utah 


1 Type 127 


Dr. Geoorge Czerlincki 


s/n 155 


Johnson Foundation 
University of Pennsyl- 
vania 

Philadelphia 4, Penn. 
Phone: Evergreen 
6-0100, Ext. 8796 


1 Type 555 


S. Olive, Vice-President 


s/n 282 


R. D. Brew & Co. 
90 Airport Road 


2 Type CA Plug 


Concord, New Hamp- 


-Ins, s/n's 
15262 & 18353 


shire 


1 Type 512 


Macan Engineering & 


s/n 2567 


Mfg. Co. 

1564 N. Damen Avenue 
Chicago 22, Illinois 
Phone: BE 5-3386 



1 Type 511AD Wilbur McBride 

s/n 5210 Standard Oil Research 

Laboratory 

4440 Warrensville Cen- 
ter Road 

Cleveland 28, Ohio 

1 Type 511 AD Steve Evans 

s/n 4461 Advanced Instrument 

Price $200.00 Corp. 

1475 Powell 
Emeryville, California 



MISSING OSCILLOSCOPES 

Bramco, Inc. of 4501 Belevidere, 
Detroit 14, Michigan, reports that the 
following instruments are missing from 
their plant and are presumably stolen: 

1 Type 543 Oscilloscope, s/n 158 
1 Type 535A Oscilloscope, s/n 20235 
1 Type 53/54C Plug-In Unit, s/n 
16971 

1 Tye 53/54L Plug-In Unit, s/n 2745 
1 Type 53/54L Plug-In Unit, s/n 2745 

If you have any knowledge of the 
whereabouts of these instruments, Bram- 
co, Inc. would appreciate it very much 
if you would contact them. 



CORRECTION 



“SOLVING POWER LINE PROBLEMS” 
(JUNE 1961 SERVICE SCOPE) 

The method outlined in the June issue 
of Service Scope for determining power- 
line distortion by comparison of filament- 
line rms and peak-to-peak voltages is 
not valid for Type 517(A) and Type 555 
Oscilloscopes, and — even with other 
model instruments — should only be taken 
as a rough indication of the line voltage 
distortion actually present. Gordon Sloat, 
Manager of the Tektronix Transformer 
and Coil Department, points out that the 
implication in the June article that this 
method provided more than an approxi- 
mation of line-voltage distortion is in- 
correct. 

The Types 517(A) and 555 Oscillo- 
scopes employ a peak-limiting saturable 
reactor to provide regulation of the indi- 
cator unit filament lines, and the distor- 
tion on the filament lines in these instru- 
ments will not be representative of the 
line-voltage waveform. A typical VOM 
may show only 5.8 volts for a true rms 
of 6.3 volts on one of these regulated fila- 
ment lines. 

In other instruments, a certain amount 
of filament-line distortion may be intro- 
duced in the transformer because of the 
filament-winding positions and other 
transformer design parameters. Since 
these winding locations and parameters 
may vary considerably between serial 
ranges of instruments and between in- 
strument types, Gordon has suggested 
that the technique of using filament-line 
distortion as an indicator of power-line 
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distortion should not be relied on heav- 
ily- 

Comparison of the actual peak-to-peak 
versus true rins-power-line voltages is 
preferred as a much more accurate 
method of determining the suitability of 
the power-line waveform for proper B -f 
regulatiom 

For the peak-to-peak measurement, the 
V-O-M adapter suggested in the June 
1961 issue of Service Scope, or an accur- 
ate peak-to-peak reading voltmeter are 
recommended; for rms readings, an iron- 
vane or thermocouple meter will give the 
most accurate results. 



A TIP FOR CLEANING TIPS 




Figure 1 

Figure 1 above shows a handy- dandy 
unit for keeping soldering-iron tips clean. 



We find this cleaner, much more efficient, 
and quicker than the old wipe-on-a-cloth 
method. 

Easy to construct and simple to use, it 
does an excellent job. To use it, just 
draw the soldering-iron tip down through 
the brush bristles as shown in figure 2. 




Figure 2 

We used 0.064" aluminum in construct- 
ing the unit shown here. Base dimen- 
sions are 4"x4". The bracket on which 
the brushes are mounted is, in this in- 
stance, spot welded to the base. Y on 
could just as easily mount the bracket 
to the base with two flat- head bolts 
counter sunk flush with the bottom side 
of the base. Locate the bracket Yz" from 
the front edge of the base. 

Form the bracket for the brushes from 
a piece of aluminum 3" x 8". One inch 
from the end of this material make a 



60° bend. Five inches from this bend 
make a 45° bend. One and one quarter 
inches from the 45° bend make a 30° 
bend. Be sure you make each bend in 
the direction as shown in the picture. 

On the five inch section of this bracket, 
7/16" in from each side and l^J" up from 
the 60° bend, drill four holes (two holes 
to a side) on three inch centers. Use a 
#27 drill. If you wish to be real fancy 
you can make slots about long and 
as wide as the holes. Then as the brush 
bristles wear you can readjust the 
brushes close to each other. 

The brush portion of the cleaner can 
be purciiased at almost any hardware 
store. Ask for a white tampico hand 
brush. Dimensions of the brush should 
be 4‘)4" long by Ij/^" wide. One brush 
will be all yon require per unit. 

One and one eighth inches from one 
end of the wood handle and down 

from the top, drill two holes on three 
inch centers. LTse a #14 drill. Now saw 
the handle through the center lengthwise. 
This will give you two brushes AYa" 
by 7/16" wide. Mount the brushes as 
shown in the pictures and you have a 
quick, convenient and efficient soldering- 
iron- tip cleaner. 

You may mount the cleaner perman- 
ently in a convenient location by drilling 
holes in the base plate and securing the 
unit with screws or bolts. The one 
I shown has sponge rubber strips J4"wide 
by 34" thick cemented to the base. They 
hold the cleaner in place when it is used 
and have the added advantage of making 
the unit portable. 

The metal extending out on the top of 
the cleaner (formed by making the 30° 
bend) is important. It deflects downward 
and away from the operator any hoc 
solder or tip flakes dislodged by the 
cleaning brushes. 
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Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly -staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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ACCURATE FREQUENCY 
MEASUREMENTS 

By Jerry Kraxberger, Tektronix 
Field Engineer 

The sweep- time accuracy of most Tek- 
tronix Oscilloscopes is specified to be ±3% 
on any range. Some oscilloscope operators 
find it necessary, at times, to make time or 
frequency measurements to much closer 
tolerances. Faced with these requirements, 
the oscilloscope operator will most likely 
rely on the highly accurate and well-known 
method of using Lissajous patterns to com- 
pare an unknown frequency with a standard 
frequency. This method has two drawbacks; 
one, it may not be suitable for the oscillo- 
scope at hand ; two, it requires consider- 
able set-up time. 

You may use a much simpler, yet equally 
accurate, method provided your oscilloscope 
possesses — as all Tektronix Oscilloscopes 
do — a triggered sweep. The accuracy of the 
instrument does not enter into the measure- 
ment and the wave shape of either signal, 

i.e. sine wave, sawtooth, pulse, etc., is not 
important. 

To use this method, connect one signal to 
the external -trigger input and the other lo 
the vertical-amplifier input of the oscillo- 
scope. You may use either signal as the 
standard but you must connect the lower- 
fret [uency signal to the external -trigger in- 
put. Trigger the sweep in the normal man- 
ner. On Tektroni.x Oscilloscopes, set the 
TRIGGERING MODE switch to .YC or 
DC. Do not use the AUTOM.YTIC or HF 
SYNC modes for this application. Make 
certain the .sweep is not free running h\' 
temporarily removing the external-trigger 
signal. If the sweep is free running, a trace 
will remain on the crt. 

Let’s look at a specific application. Sup- 
pose you want to adjust a 400-cps signal to 
an accuracy better than ±0.01%. We sug- 
gest the use of a triggered- type oscilloscope 
and a Tektronix Type 180 A Time- Mark 
Generator* since 400 cps is an integer of the 
time-mark generator’s 1-mc (±0.001%) cry- 
stal-controlled oscillator frequency. 

Here is a suggested procedure: (see block 
diagram, Fig. 1) 

1. Adjust the oscilloscope sweep time to 
1 msec /cm. 

2. Trigger the oscilloscope externally from 
the 10-msec marker (100 cps) of the time- 
mark generator (external-trigger-input of 
oscilloscope). 

3. Connect the 400-cps signal to the verti- 
cal-amplifier input of the oscilloscope. 

4. Adjust the 400-cps frequency precisely 
until it does not move horizontally on the 
screen. 




Fig. 1 

Since the period of a 400-cps signal is 
1 /400 sec or 2.5 msec, you should now have 
4 complete cycles of the 400-cps signal dis- 
played in 10 cm horizontally (10 msec of 
time) on the screen. 

If the 400-cps signal does not move hori- 
zontally, and if the Time- Mark Generator 
has zero tolerance, the signal under test will 
be 400 cps ±0.0. 

With the Tektronix Time-Mark Gen- 
erators specified in this article as the stand- 
ard source, the signal under test can be ad- 
justed to 400 cps ±0.001% or 400 cps 
±0.004 cps. 

Note that if the signal were off by ± 
0.01 ci)s, one complete c\'cle would move 
past a given point on the crt screen in 10 
seconds. When you consider the accuracy 
of the specified time-mark generators, this 
would be 400 cps ±0.104 cps. 

You can use the above method of fre- 
quency comparison because the 400-cps sig- 
nal under test and the 1-msec (Ike) time- 
mark signals are exact integers of the 1- 
mc/sec frequency of the time- mark gen- 
erators crystal-controlled oscillator. Note 
that the oscilloscope sweep time does not en- 
ter into the measurement. It is, however, 
an aid when making preliminary adjust- 
ments of the signal under test. 

If you use a dual-trace preamplifier 
(Type C-A for example)** in the oscillo- 
scope vertical channel, you can observe 
l)oth signals on the crt screen simultaneously. 
To do this, run another jumper from the 
time-mark generator’s 1-msec output to the 
dual -trace preamplifier’s B channel. Set the 
preamplifier MODE switch to the ALTER- 
NATE, CHOPPED, or ADDED ALGE- 
BRAICALLY position. The 1-msec markers 
will remain stationary on the crt screen but 
the 400-cps signal will travel to the right 
or to the left if it is not exact. 

To insure the accuracy of the Type 180.'\ 
Time- Mark Generator, you can compare or 
calibrate its frequency with the Bureau of 
Standards’ WW’V station as follows: Tune 
a short-wave receiver to station WWV. 
Add a short length of wire to the 1-yiiSec 
output of the Type 180 A Time -Marker (Gen- 



erator. The generator’s 1-mc signal will 
beat with the incoming WWV signal in the 
short-wave receiver’s A.M. detector. The 
difference frequency in cycles will be a 
measure of the time-mark generator’s ac- 
curacy in parts per million. You can mini- 
mize this difference by adjusting the vari- 
able-trimmer capacitor across the oscillator 
crystal in the time-mark generator. Monitor 
this difference signal right off the detector 
of the short-wave receiver. Use an oscillo- 
scope to do this. One cannot hear the low- 
frequency zero beat. Besides, the low-fre- 
quency response of the receiver’s audio 
system may not be *good. 

* The following Tektronix Time-Mark Gen- 
erators may also be used for this applica- 
tion; Type 180 with a Type 180 Crystal 
Oven Mod Kit (Tek No. 040-252) installed. 
Type 181 and Type RM 181 with Crystal - 
Oven Combination accessory (Tek No. 158- 
007) installed. 

** Tektronix instruments on which you may 
observe these signals simultaneously arc; 
Type 502 Dual-Beam Oscilloscope and Type 
516 Dual-Trace Oscilloscope. Any Type 
530, Type 540, Type 550-Series Oscillo- 
scope with a multiple-trace, letter-type, 
Plug-In Preamplifier in the plug-in com- 
partment (this would also include the Type 
580 Series Oscilloscopes with a Type 81 
Plug-In Adapter). Type 560 or Type 561 
Oscilloscopes with a Type 72 Dual -Trace 
Plug-In Unit. 

SHIPPING BLOCKS AND 
INSTRUMENT PACKAGING 

A continuing problem for both Tektronix 
and our customers is the damage suffered 
by instruments in transit. 

The most foolproof container a customer 
can use when shipping a Tektronix instru- 
ment is the original carton in which it was 
received. These cartons and their attendant 
packing materials are the result of much 
research and some sad experiences. An in- 
strument, properly housed in one of these 
containers, will come through a normal ship- 
ment ordeal in excellent condition. 

We earnestly recommend that, whenever 
possible, the original Tektronix shipping 
carton along with the dunnage and any ship- 
ping blocks be retained and stored for future 
use. 

We would also like to make the following 
suggestions for packaging Tektronix in- 
struments for shipment : 

If you do not have the original shipping 
carton, contact your Tektronix Field En- 
gineer. He very probably will be able to 
supply you with a factory-approved carton. 

If the instrument has a shock-mounted 






chassis, be sure the original shipping blocks 
are put in place. When these blocks are not 
available, make substitutes of corrugated 
paper, sponge rubber, styrofoam or similar 
material. Customers quite often send a 
shock -mounted- chassis instrument to us with- 
out the shipping blocks or a suitable sub- 
stitute in place. Almost invariably the in- 
strument will suffer some shipping damage 
because of the omission. 

All instruments should be coni[)letely 
wrapped in kraft paper or other pliable 
dust -resistant material. Set the wrapped in- 
strument in the original carton and place the 
dunnage around it. Close carton and seal 
wit It gummed tape. 

Tf the original carton is not available, use 
a container of corrugated paper, wood, or 
metal construction. The container should be 
large enougli to allow a minimum of one and 
one-half inches clearaTice around the instru- ' 
ment — top, sides, bottom and ends. Fill i 
tliis clearance area with some type of com- | 
pressible iiTaterial, and do not use 'ivooden \ 
blocks to support the insiriuuent rigidly in 
the carton. Rubberized hair, wood excelsior 
or paper excelsior are preferred materials. 
Float the instrument so as to completely 
surround it with an even lliickness of this 
l)rotective material. In the absence of thesg 
materials, sheets of corrugated paper cut 
froiTT other cartons will make an acceptable 
substitute filler. Most instruments so packed 
will survive ordinary shipping conditions in 
good shape. It takes a very resolute and 
satanicalh'-minded shipping-agent employee 
to sucessfully damage aiT instrument ivackcd 
in this manner. 

If your copy of SERVICE SCOPE did 
not carry your correct address, we would 
like to know so that we caiT remedy the 
error. Also, if your friends or associates 
would like to receive their own copies, 
please tell tliem to write us — or you can 
send us their names, titles, and addresses. 

NEW FIELD MODIFICATION KITS 

TYPE 524 FOUR-POSITION VERTI- 
CAL SELECTOR SWITCH MODIFICA- 
TION KIT (with Revised IRE Response 
Network.)* 

For Type 524D Television Oscilloscopes, 
s/n’s 101 to L399 inclusive except those in- 
struments that have had the older Mod Kit, 
Tek No. 040-057, installed. 

This ’modification kit installs a four-posi- 
tion vertical switch and an access ])anel to 
provide the following improvements : 

a. A FLAT vertical resi)on.se to 5 mega- 
cycles within 1%. This passband is 
necessary for measuring the radio-fre- 
quency “burst” used in color TV. 

b. A new IRE Response Network which 
changes the roll off characteristics to 
conform with the Standard '58 IRE 
23.S1, as amended July 1, 1961. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Type 
524D Four-Position Vertical Selector Switch 
Mod Kit, Tek. No. 040-271. Price is $17.25. 
* This new' modification kit replaces the old 
Type 524 Mod Kit Tek No. 040-057 wFich 
installed a four-position vertical selector 



switch and access panel but did not in- 
clude the Revised-! RE- Response Network. 

To install the IRE- Respon.se Nelwx)rk in 
instruments that have been modified witii 
Mod Kit No. 040-057, see Type 524.M) 
Modification Kit described elsewlicre in tliis 
column. 

TYPE 524AD IRE NETWORK MOD- 
IFICATION KIT 

For Type 524 AD Television Oscilloscopes 
s/n’s 1400 to 6584 inclusive and for Type 
524D Television Oscilloscopes below' s/n 
1400 that have been modified (Field Mod 
Kit, Tek No. 040-057) to in dude a four- 
position Vertical Response swatch and ac- 
cess panel. 

This modification installs a new' IRE 
Response Network in the Type 524 AD 
Oscilloscope. This netw-ork changes tlie roll- 
off characteristics to conform wdtii the Re- 
vised Standard ’58 IRE 2v3.Sl as amended 
July 1, 1961. 

The kit includes a Vertical -.Amplifier- Re- 
sponse Selector swdtcli, drawings, sdiemalic 
and slep-V)y-step installation instructions. 

Order tli rough your local Tektronix Field 
Engineer or FieUl Office. Specify T^-pe 
524AD IRE Response Netw-ork Mod Kii, 
Tek. No. 040-263. Price is $12.20. 

TYPE 525 IRE RESPONSE NETWORK 
MODIFICATION KIT 
For T^qie 525 Waveform Monitor s/n’s 
101 to 1299 inclusive. 

This modification changes the IRE Re- 
sponse characteristics in the Type 525 to 
conform wath the Revised Standard ’58 IRE 
23. Si, as amended Juh^ 1, 1961. 

The kit contains all the necessary com- 
ponents, drawangs, schematic and step-b\-- 
step installation instructions. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Type 
525 IRE Response Network Mod Kit, Tek 
No. 040-265. Price is $4.50. 

TYPE 527 IRE RESPONSE NETWORK 
MODIFICATION KIT 
For Type 527 Waveform Monitors s/n’s 
101 to 269 inclusive and Tyi)e RM527 Wave- 
form Monitors, s/n’s 101 to 331 inclusive. 

This modification changes the IRE Re- 
sponse characteristics to conform wath the 
revised Standard '58 IRE, as amended July 
1, 1961. It also improves the transient re- 
sponse of the instrument when the Wrtical- 
Seleclor swatch is in the IRE i)osition. 

The kit contains all necessary comi)onenls, 
drawangs, schematic and stei)-by-step in- 
stallation instructions. 

Order through your local Tektronix Fiehl 
Engineer or Field Office. Specify Type 
527 IRE Response Netwx)rk Mod Kit, Tek 
No. 040-266. Price is $3.00. 

TYPE 531A/TYPE 541A SWEEP LOCK- 
OUT MODIFICAION KIT 
For Type 5 3 LA, Tyj)e RM31A, Type 
54 LA and T\q)e RM41A Oscilloscopes, all 
serial numlters. 

This modification converts the al)ovc 
oscillo.scopes for study of one-shot t’heno- 
mena. 

The mod kit includes a wired -chassis as- 



sembh', lags, schematic, parts list and step- 
by-step installation instructions. 

Order through your local Tektronix Field 
Engineer or Field Office, Specify Type 
531A/541.A Sweep Lockout Mod Kit, Tek 
No. 040-235. Price is $47.00. 

Note: Ih'edecessor models of the above 

instilments were the Type. 531, 
Type RM31, Type 541 and Type 
RM41. The.se instruments may 
also be converted for the study of 
one-shot phenomena. To convert 
these instruments, order Type 
531/Tvpe 541 Sw'eej) Lockout Mod 
Kit. Tek No. 040-118. Price is 
$47.00. 

TYPE 555 OSCILLOSCOPE CRADLE- 
MOUNT MODIFICATION KIT 
For Type 555 Oscilloscopes Indicator and 
Pow-er Supply. .All serial numbers. 

This modification allow'S the rack mount- 
ing of tlie Type 555 Oscilloscope Indicator 
and Pow'cr Supply. Tlie installation w-ill 
require approximately 34" of vertical height 
in a standard rack mount. 

The kit includes all the necessary parts, 
hardware and stei>-by-step installation in- 
structions, including photographs. 

Oiaier through your local Tektronix Field 
Engineer or Field Office. Specify Type 
555 Cradle Mount Mod Kit, Tek No. 040- 
251. Price is $85.00. 

MISSING INSTRUMENTS 

Shell Development Company of Emery- 
ville, California, advises us tliat a .shipment 
of Tektronix instruments consigned to them 
disappeared. These instruments were not 
taken from their premises, but from a truck 
during transit. The truck w’as parked in 
San Francisco, California overnigiit and the 
entire load disappeared. 

Following is a list of the Tektronix in- 
struments that w^ere lost : 

2 — Tvpe 163 Pulse Generators, s/n’s 3300 
&\3301 

1 — Tvpe 162 Waveform Generator, s/n 
6323 

1 — Type 160 A Pow-er Supply, s/n 5567 
If you have any information on the 
w3iereabouts of these instruments, please 
contact the nearest office of the Federal 
Bureau of Investigation. Since this loss in- 
volves an interstate shipment, the F.B.I. is 
concerned in the case. 

City College of San Francisco reports; 
that betw'een September 15 and 18, of this 
year, a Type 51 5 A Oscilloscope, s/n 6135 
disappeared and is presumed to be stolen. 
.Anyone wdih information on the wFereabouts 
of this instrument should contact Roy Ed- 
mison. City College of San Francisco, Cali- 
fornia. 

A Type 512 Oscillo.$cope, s/n 288, dis- 
ai)pearcd from the Benson Polytechnic High 
School in Portland, Oregon, during the 
summer vacation. A survey of authorized 
personnel failed to turn up the instrument, 
so it is presumed to have been stolen. Any- 
one wdlh information on this instrument 
should contact Mr. Arnold Grant, Benson 
Copyright 1961 Tektronix, Inc. 




Polytechnic High School, 546 N.E. 12th 
Avenue, Portland, Oregon. 

The Bear Creek Mining Company of 
Denver, Colorado has asked us to keep an 
eye open for their Type 5vU, s/n 1960 and 
Type 53/54D, s/n 1351. These instruments 
di. sap pea red and are tliought to be stolen. 
If you see these instruments or have an>- 
knowledge of their present location, please 
contact your local Tektroni.x P'ield Office 
or the Bear Creek Mining Company, 1498 
South Lipon Street, Denver 23, Colorado. 



Tiie University of Washington notifies us 
that a Type 504 Oscilloscope, s/n 214, ap- 
pears to be stolen from one of their lab- 
oratories. If you have any information on 
this instrument, please contact Mr. R.W. 
Moulton, Executive Officer, University of 
Washington, Department of Chemical En- 
gineering, Seattle 5, Washington. 

USED INSTRUMENTS FOR SALE 



1 Type 127 William H. Read 

Continental Leasing Co. 
5215 Hollywood Blvd. 

Los Angeles 27, California 
Plione : HO 9-5371 



1 Type 570, Brooks Research Corj). 
s/n 381 Attn.; Mr. Dallas Schutts 
Rochester, New York or 
contact Ray Lisiecki 
Tektronix, Inc. 

961 Mary vale Drive 
Buffalo 25, New York 



1 Type 517 Seller wishes to remain 
anonymous. Tektroni x 
Field Ehigineer Dick Ikiter- 
son, 2605 West grove Lane, 
Houston 27, Texas will 
serve as a contact. 



1 Type 512, Marty Arnold 

•S/n 118 Leesona Moos 

90—28 Van Wyck Blvd. 
Jamaica 18, New York 



3 T}' pe 5 1 1 A D , 1 am es H . K en n ed \- 
s/n’s 1666, Technitrol, Inc, 

2723, and 1952 Ea.st Allegheny Ave. 
3637 Philadelphia 34, Penn. 

2 T \'i >e 51 4 A 1) , I’ hone: G A r f i e 1 d 6-9105 
s/n’s 1332 
and 3080 

1 Type 517, Ian Isdale 
s/n 625. 825 Tall Timber Road 

Has duly Orange, Connecticut 
C\'cle Mod 
Kit installed 
and extra 
crt’s. 

Price: $995. 

USED INSTRUMENTS WANTED 

1 Type 514D R.B. Haigh 
or Type Bendix Corporation 



514AD Bendix Mishawaka Div. 

400 S. Beiger Street 
Mishawaka, Indiana 
Phone: BL 5-2111, ext. 329 

1 Type 315D Scott M. Overstreet 
or Type 310 515 “Q" Central Avenue 
Mountain View, California 

1 Type 535 Dr. John F. McNall 

or Type Plioenix Engineering and 

5 35 A Computing Service 

2462 Hubbard Avenue 
M i dd 1 e toi 1 , W i scon sin 



GREENSBORO FIELD OFFICE NOW 
SERVING SOUTHWEST VIRGINIA 

.As of September 15, 1961, the Tektronix 
Field Office in Greensboro, North Carolina 
increased its field office coverage. Tliis 
move brings Tektroni.x Field Engineering 
services closer to the Southwest Virginia 
region. 

That portion of Virginia lying within 
the area outlined l)y the following counties 
now comes under the juris{liction of our 
Greensboro Office: Lee, Wise, Dickinson, 
Buchanan, Tazwell, Bland, Giles, Monroe, 
Greenlu'ier, Alleghan\-, Rockbridge, Nelson, 
Buckingham, Cumberland, Prince Edward, 
Lunenburg, and Mecklenburg. Customers 
in this area who formerly were served 
through our Wa.shington, D.C. Field Office, 
sliould direct future inquiries to: Tektronix, 
Inc., 1838 Banking Street, Greensboro, 
North Carolina. The telephone number is 
274-4647, TWX— GN 540. 




Tektronix Field Engineer Rick Ennis of 
our Greensboro Office will provide field 
engineering services for customers in this 
area. 



GRATICULE MOUNTING PROBLEMS 

Tom Smith, Field Engineer with our Phil- 
adelphia Field Office, informs us that some 
of his customers have a problem. They are 
confused about the proper se(]uence for the 
installation of comt)onents over the face of 
crt’s in Tektronix oscilloscopes. 

We offer the following information in an 
effort to clear up some of this confusion. 

Except for some instruments (which we 
will designate later), the light filter is 
shipped unmounted and as an accessory to 



the oscilloscope. 

We ship all oscilloscopes employing a 5" 
-ert with a black plastic (Royal-lite) 
light shield installed. This shield has a 5" 
opening with a p 2 " flange at right angle to 
the opening. The face of the shield is 
slightly smaller than the graticule cover 
and contains seven holes. The edge with 
the four holes is the top. This shield is 
installed by inserting the flanged portion 
between the ert and the surrounding mu- 
metal shield. Properly installed, the light 
shield fits flush against the instrument 
panel. The four holes in each corner allow 
the graticule studs to protrude. 

The two inner holes at the top permit the 
graticule lights to show through the light 
shield. The seventh hole, located in the 
lower left-hand corner and just above the 
graticule stud, permits access to the cam- 
adjust fitting on instruments containing the 
cam- ad just feature. 

Over this light shield, we install the grati- 
cule making sure tlie etched-line side faces 
to the ert. The red-rimmed holes in the 
graticule are positioned at the top and sur- 
round the graticule lights. 

On each graticule stud, we install a rub- 
ber washer. The graticule cover then goes 
over the wliole assembly and the graticule- 
stud nuts hold all firmly in place. When 
Installing the graticule cover, make sure 
t!ie small hole in the circular flange of the 
cover is at the top. Placement in this 
position permits correct attachment of the 
Tektronix Viewing Hood with molded- 
rubber eyepiece (Tek No. 016-001) or the 
Tektronix Polarized Viewer (Tek No. 
016-035). 

Instruments shipped with the green light 
filter installed are; Type 524 AD Television 
Oscilloscope, Type 525 Television Waveform 
Monitor, Type 526 Color-Television Vector- 
scope, Type 527 Waveform Monitor, Type 
575 Transistor-Curve Tracer, and all in- 
struments ordered with a P-1 phosphor ert. 

Installation of components around and 
over the face of the ert in these instruments 
differs from the foregoing instructions in 
only two respects: (1) We install the green 
light filter between the black liglu shield 
and the graticule. (2) We do not use the 
four rubber washers between the graticule 
and the graticule cover. 

On oscilloscopes employing 3" crt’s we do 
not install a light shield. The light filter is 
shipped unmounted as an accessory (unless 
the oscilloscope is ordered with a P-1 phos- 
phor). Three-inch oscilloscopes do not have 
the cam -ad just feature. In all other ways, 
installation of components over the ert 
follow the foregoing instructions for 5" 
oscilloscopes. 

We place the etched side of the graticules 
whenever possible next to the face of the 
ert. This avoids parallax and thus errors 
in reading oscilloscope measurements. 

There is little to be gained by placing the 
light filter over the graticule. The graticule 
lines will not show through the filter suf- 
ficiently enough to be useable. 

Should you prefer white graticule lines 
(such as when taking pictures of oscillo- 
scope traces) you may, on the 5" oscillo- 
scopes only, rotate the graticule 180°. Re- 
member keep the etched side next to the 
face of the ert. On 3" oscilloscopes the 
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graticule cannot be rotated in this manner. 
Only by removing the red plastic from 
around the graticule-light holes in the grati- 
cule can you obtain white lines on these 
instruments. Some solve this problem by 
keeping two graticules on hand. One for 
red lines, the other for white lines. 

If you use the Tektronix Bezel*, Tek 
number 014-001, (for mounting cameras, 
other than Tektronix types, on Tektronix 
5" oscilloscopes), it takes the place of the 
graticule cover in the above instructions. 

We recommend the removal of the light 
filter and the use of white graticule lines 
when taking pictures of oscilloscope traces. 
*Note: The Tektronix Type C-12, Type 

C-13 and Type C-19 Cameras have 
a hinged adapter and four coin- 
slotted graticule nuts. The adapter 
and its four nuts replace the stand- 
ard graticule cover and graticule 
nuts. The cameras fit snugly into 
the hinged fittings, yet lift in and 
out with ease. Supported in this 
manner, the cameras have a swing- 
away action. This feature allows 
an unobstructed view of the crt 
without complete removal of the 
camera. 




ALBUQUERQUE* 



ATLANTA* 



BALTIMORE* 
BOSTON* . . . 
BUFFALO . . . 
CHICAGO* . . 



Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 

Telephone: MIkholl 4-0161 TWX— BEAV311 Cable: TEKTRONIX 

AN OREGON CORPORATION 

Field Engineering Offices 

. Tektronix, Inc., 509 San Mateo Blvd. N. E,, Albuquerque, New Mexico. . . .TWX — AQ 96 AMherjt 8-3373 

Southern New Mexico Area: Enterprise 678 

Tektronix, Inc., 467 Armour Circle, N.E., Atlanta 9, Georgio . . . . TWX — AT 358 873-5708 

Huntsville, Alabama Area: WX 2000 

. Tektronix, Inc., 724 York Road, Towson 4, Maryland TWX — TOWS 535 VAliey 5-9000 

. Tektronix, Inc., 442 Marretl Road, Lexington 73, Massachusetts TWX — LEX MASS 940 Volunteer 2-7570 

. Tektronix, Inc., 961 Moryvale Drive, Buffalo 25, New York.... TWX — W mSV 2 NF 3-7861 



. Tektronix, Inc., 400 Higgins Road, Park Ridge, Illinois 
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CLEVELAND Tektronix, Inc., 1503 Brookpark Road, Cleveland 9, Ohio TWX — CV 352 



DALLAS* 
DAYTON 
DENVER . 



• Tektronix, Inc., 6211 Denton Drive, P. O. Box 35726, Dailos 35, Texas... 
.Tektronix, Inc., 3601 South Dixie Drive, Dayton 39, Ohio.... TWX — DY 
. Tektronix, Inc., 2120 South Ash Street, Denver 22, Colorado TWX— 



DETROIT* 

ENDICOn* . . 
GREENSBORO . 
HONOLULU . . . 

HOUSTON 

INDIANAPOLIS 
KANSAS CITY . 



LOS ANGELES AREA 

East L. A 

Encino 

*West L. A 



TAicott 5-6666 

Florida 1-8414 

Pittsburgh Area: ZEnith 0212 

.TWX — DL 264 Fleetwood 7-9128 

363 AXminster 3-4175 

~DN 879 SKyline 7-1249 

Salt lake Area: Zenith 381 

. Tektronix, Inc., 27310 Southfield Road, Lathrup Village, Michigan. ..TWX — SFLD 938 Elgin 7-0040 

. Tektronix, Inc., 3214 Watson Blvd., Endwell, New York TWX — ENDCT 290 Pioneer 8-8291 

.Tektronix, Inc., 1838 Banking Street, Greensboro, North Carolina ... .TWX — GN 540 274-4647 

. Kentron Hawaii, Ltd., 1140 Waimanu Street, Honolulu 14, Hawaii .... Telex: MHU 0093 Phone: 53975 

. Tektronix, Inc,, 2605 Westgrove Lane, Houston 27, Texas.,.. TWX — HO 743 MOhawk 7-8301, 7-8302 

.Tektronix, Inc., 3937 North Keystone Ave,, Indianapolis 5, Indiana ... .TWX — IP 361 X ,,,, Liberty 6-2408, 6-2409 

.Tektronix, Inc., 5920 Nall, Mission, Kansas TWX— KC KAN 1112 HEdrick 2-1003 

St. Louis Area: ENterprisc 6510 



MINNEAPOLIS 
MONTREAL . 



RAymond 3-9408 
5170 
1105 
1563 
2727 
9707 



..Tektronix, Inc., 5441 East Beverly Blvd., East Los Angeles 22, California .... TWX — MTB 3855 

..Tektronix, Inc., 17418 Ventura Blvd., Encino Californio ... .TWX — VNYS 5441 STate 

..Tektronix, Inc., 11681 San Vicente Blvd., West Los Angeles 49, California GRanite 3 

TWX: W L A 6698 From Los Angeles telephones call BRadshaw 2 

. Tektronix, Inc., 3307 Vera Cruz Ave, North, Suite 102, Mtnneopolis 22, Minnesota TWX — MP 983 533 

. .Tektronix, Inc., 3285 Cavendish Blvd., Suite 160, Montreal 28, Quebec, Canada HUnter 9 

NEW YORK CITY AREA 
♦Now York City and Long Island served by: 

Tektronix, Inc., 840 Willis Avenue, Albertson, L. I., New York TWX— G CY NY 1416 Ploneei 

Westchester County, Western Connecticut, Hudson River Valley served by: 

Tektronix, Inc., 1122 Main Street, Stamford, Connecticut. .. .TWX — STAM 350 DAvis 

♦Northern New Jersey served by: 

Tektronix, Inc., 400 Chestnut Street, Union, New Jersey. . . .TWX — UNVL 82 MUrdock 8 

ORLANDO* Tektronix, Inc., 205 East Colonial Drive, Orlando, Florida ..TWX — OR 7008 GArden 5 

(also serves Puerto Rico) 

PHILADELPHIA* Tektronix, Inc., 7709 Ogontz Ave., Philadelphia 50, Pennsylvania .... TWX — PH 930 WAverly 4 

PHOENIX* Tektronix, Inc., 7000 E. Comelbock Rood, Scottsdale, Arizona ,TWX — SCSDL 52 WHifney 6 

PORTLAND Tektronix, Inc., P. O. Box 500, Beaverton, Oregon Mitchell 6 

POUGHKEEPSIE* ... .Tektronix, lnc„ 8 Raymond Avenue, Poughkeepsie, New York .. TWX — POUGH 5063 GRover 1 

SAN DIEGO Tektronix, Inc., 3045 Rosecrans Street, San Diego 10, California TWX — SD 6341 ACademy 2 

SAN FRANCISCO BAY AREA 

Lafayette ....... .Tektronix, Inc., 3530 Golden Gote Way, Lafayette, Colifornia. . . .TWX: LAF CAL 1639 YEllowstone 5 

From Oakland, Berkeley, Richmond, Albony and San Leandro .... Clifford 4 

♦Palo Alto Tektronix, Inc., 3944 Fabian Way, Palo Alto, Californio TWX — PAL AL 112 DAvcnporl 6 

SEATTLE Tektronix, Inc., 236 S.W. 153rd St., Seattle 66, Washington TWX — SE 47 CHerry 3 

SYRACUSE* Tektronix, Inc., East Molloy Rood and Pickord Drive, P.O. Box 155, Syracuse 11, New York 

TWX— SS 423 Glenview A 

TORONTO* Tektronix, Inc., 4A Finch Ave., West, Willowdole, Ontario, Canado Toronto, 225- 

WASHINGTON D. C.* .. Tektronix, Inc., 9619 Columbia Pike, Annondole, Virginia TWX — F CH VA 760 CLcarbrook 6 
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♦ALSO REPAIR CENTERS 



Norfolk, Portsmouth and Hampton, Virginia Area: Enterprise 741 



17-19 



A-2102 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 



NUMBER 12 



MEASURING A SMALL AC 
COMPONENT 

RIDING ON A DC VOLTAGE 

If you wish to measure a small ac com- 
ponent riding on a dc voltage, a number 
of ways to do so present themselves. The 
following describes several of the more 
simple methods employing Tektronix oscil- 
loscopes. 

Perhaps the most simple method is to 
switch the input selector or AC-DC switch 
of the scope’s vertical input to the AC posi- 
tion. Doing this switches a dc blocking 
capacitor into the circuit between the input 
terminal and the vertical amplifier. See 
Figure 1. The capacitor blocks the dc volt- 
age but allows the ac component to pass 
through to the amplifier. This blocking or 
ac-coupling capacitor is usually a 0.1 /ifd 
capacitor rated at 600 volts and the input- 
grid resistor a 1 megohm precision resistor. 
The rc time constant of this combination 
is 0.1 second which contributes 3-db attenua- 
tion for 2 cps (approximately) sine wave 
signals. Combined ac and dc voltage of the 
input signal should not exceed 600 volts. 




Figure 1 

This method works well provided the 
above conditions are met and the frequency 
of the ac component is above 10 cps. The 
vertical -sensitivity control can be set to 
maximum if needed. 

Now* let’s make the conditions a little 
tougher. We have a few^ millivolts of low- 
frequency component riding on a dc voltage 
of about +2 volts. The frequency of the 
ac component is down below several cycles 
per second. Here a differential input (such 
as that available on the Tektronix Type 
502 or Type 503 Oscilloscope, or the Type 
63 or Type D or Type G Plug-In Pre- 
amplifier in a Tektronix Oscilloscope for 
which the preamplifier is designed) wall 
help to solve the problem. Set the input - 
selector .sw'iich to A-B, and the AC-DC 
switch to DC. Apply the signal to INPUT 
A and feed an equal dc voltage to INPUT 
B. An inexpensive multi- turn potentiometer 
( such as made by the Chicago Telephone 
Supplj^ Company), a battery and a bypass 
capacitor provide a convenient way to con- 
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trol the dc voltage to INPUT B. See Fig- 
ure 2. The capacitor, potentiometer and the 
leads to the oscilloscope of this circuit, as 
well as the lead from the voltage under 
investigation to the oscilloscope, must be 
adequately shielded against stray hum pick- 
up. A battery offers certain advantages 
over an ac power supply, i.e. low* noise and 
no ripple. For signals having a negative dc 
component reverse the battery connections. 




Figure 2 

This method will work satisfactorily for 
dc components up to 2-5 volts depending 
on the instrument used ; beyond that you 
may saturate the input stage of the dif- 

ferential amplifier unless the input is at- 
tenuated. 

For dc components up to 20-50 volts, a 
pair of lOX probes (one for each input) 
plus 45 volts from batteries will w'ork satis- 
factorily. This wall, how^ever, reduce the 
sensitivity of the oscilloscope by a factor 

of ten. 

In the case of the Type G Plug-In Pre- 
amplifier which has separate in put -attenu- 
ator controls for each input, you do not 

need lOX probes. Using these attenuators, 
a 1.5 -volt battery is sufficient for balancing 
out a dc component up to 600 volts, though 
the display sensitivity under these extreme 
conditions is only 20 v/cm. 

The Tektronix Type Z Differential Com- 
parator Unit in a Tektroni.x Type 530, 

Type 540, Type 550, or Type 580* Series 
Oscilloscope, wall eliminate the need for the 
extraneous circuitry shown in Figure 2. 
This versatile unit contains a built-in reg- 
ulated dc comparison voltage. When the 
MODE switch is in the A-Vc or Vc-B 
position, the calibrated dc voltage is inter- 
nally applied to cancel out any unw^anted 
dc component in the applied signal. This 
allow^s accurate measurements of relatively 
small ac signals riding on relatively large dc 
signals. Precisely accurate selection of plus 
or minus dc comparison voltages over a 
range of from 1 to 100 volts is possible bv 
means of a COMPARISON-VOLTAGE 
RANGE selector and a Heilidial control. 



In using the Type Z Unit to measure 
signals discussed in this article, set the 
AC-DC switch to DC. Set the MODE 
switch to A-Vc if the signal is applied to 
INPUT A or to Vc-B if the signal is 
applied to INPUT B. Set the COMPARI- 
SON-VOLTAGE POLARITY selector to 
match the polarity of the dc component 
of the input signal and set the COMPARI- 
SON-VOLTAGE RANGE selector to a 
voltage value that exceeds the voltage of 
the dc component of the input signal. By 
means of the Heilidial, adjust the compari- 
son voltage to cancel out the unwanted dc 
component of the applied signal. With the 
A-INPUT VOLTS/CM (ATTENUA- 
TOR) control in the .05 position, a 5 milli- 
volt ac component will give 1 mm of 
deflection on the crt screen. Maximum 
voltage swing at this sensitivity is ± 100 
volts combined ac-dc signal. 

By using the VOLTS/CM (ATTENU- 
ATOR) control, mixed ac-dc signals up 
to a maximum of 500 volts peak-to-peak 
can be investigated in this manner. Bear in 
mind, however, that the sensitivity of the 
oscilloscope will be reduced by the factor 
to which the VOLTS/CM control is set. 

* A Type 81 Adapter is required for use 
wdth Types 581 and 585. 

CONSTRUCTIVELY CRITICAL 
COMMENTS ON 

“GRATICULE MOUNTING PROBLEMS” 

Tektronix Field Engineer Bob Le Brim 
(Baltimore) whites us regarding the article 
“Graticule Mounting Problems,” which ap- 
peared in the December '61 issue of 
SERVICE SCOPE, as follows: 

“There are a couple of statements in this 
article that Td like to comment about. 

Statement : There is little to be gained 
by placing the light filter 
over the graticule. The grati- 
cule lines wall not show 
through the filter sufficiently 
enough to be useable.’ 

Comment : Placing the light filter over 
the graticule reduces parallax 
by moving the graticule and 
trace one filter thickness 
closer together. The graticule 
lines can be made to show 
through enough to be useable 
under most ambient light con- 
ditions by using the white 
graticule lines. The red lines, 
of course, won’t sliow through 
a colored filter unless it too 
is red. 




Statement : ‘If you use the Tektronix 
Bezel, Tek number 014-001, 
(for mounting cameras, other 
than Tektronix types, on 
Tektronix 5" oscilloscopes), 
it takes the place of the 
graticule cover in the above 
instructions/ 

Comment: The Tek Bezel (for non- 
Tek cameras) can be used 
with the graticule cover and 
I believe should be because 
without it light leakage ruins 
pictures.” 

Bob’s comments are good and we appreci- 
ate them. The idea of using the white 
graticule lines never occurred to this 
editor — just too simple a solution, I guess. 

Bob is also correct in his belief that the 
graticule cover should be used with the Tek 
Bezel (for non-Tek cameras). With the 
graticule nuts removed, the bezel will mount 
on the graticule studs and right over the 
graticule cover. Reinstalling the graticule 
nuts will then hold all firmly in place. 



A CLARIFICATION 

In the December issue of SERVICE 
SCOPE, the article “Accurate Frequency 
Measurements” suggested a method for 
checking the accuracy of a Tektronix Type 
180 A Time- Mark Generator by beating 
the 1 /isec markers against the WW'V car- 
rier. The statement that the “difference 
frequency in cycles will be a measure of the 
time-mark generator's accuracy in parts per 
million” may be misunderstood. 

The actual beat (difference) frequency 
will be between a harmonic of the 1 yusec 
(1 me) 180A output and tlie particular 
WWV carrier used. If WWV’s 5 me car- 
rier is used, a beat frequency of 5 cps will 
indicate a 180 A error of 1 ppm. If the 
10 me WWV carrier is used, a beat fre- 
quency of 10 cps wdll indicate 1 ppm error 
in the 180A, and so forth. 

The nominal accuracy of the 180 A when 
shipped from the factory is ±.001(^, or 
10 ppm. After being zero-beat with WW\\ 
it will remain accurate within ±3 parts 
per million over a 24 hour period. 



FIELD MODIFICATION KITS 

TYPE 551 CHOPPING-TRANSIENT 
BLANKING FIELD MOD KIT 
For Type 551 Oscilloscopes, all serial 
numbers. The Type 53 C, Type 53/54C and 
Type C-A Plug-In Preamplifiers will pro- 
duce troublesome transients in a Type 551 
Dual -Beam Oscilloscope when operated with 
the preamplifier MODE switch in the 
CHOPPED position.* 

We have available a field modification 
kit that provides a circuit to blank the 
transients generated under these conditions. 
This kit provides individual CRT cathode- 
selector switches that allow blanking on 
either or both the LOW^ER and UPPER 
beams. 



The modification kit includes a complete 
set of components, prewired amplifier as- 
sembly, parts list, schematic, photos and 
step-by-step instructions. A skilled tech- 
nician can install the modification in ap- 
proximately four hours. 

Order through your local Tektronix Field 
Engineer. Specify Type 551 Chopping- 
Transient Blanking Field Mod Kit, Tek 
No. 040-224. Price is $17.50. 

* Other Tektronix Oscilloscopes in which 

these Plug-In Preamplifiers will pro- 
duce transients are : 

(1) . Type 531, Type 535, Type 541, Type 

545, serial numbers 101 to 4999. 
For these instruments ask yoin Tek- 
tronix Field Engineer for Chopping- 
Transient Blanking Field Mod Kit, 
Tek No. 040-200. Price is $5.25. 

(2) . Type 531 A, Type 535A, Type 541 A, 

Type 545 A, serial numbers 5,000 to 
20,000. For these instruments ask 
your Tektronix Field Engineer for 
Chopping-Transients Blanking Field 
Mod Kit, Tek No. 040-198. Price 
is $5.25. 

TYPE 502 SWEEP LOCKOUT MOD 
KIT 

For Type 502 Oscilloscopes, all serial 
numbers. 

This field modification kit converts your 
Type 502 Oscilloscope for the study of one- 
shot phenomena. 

The mod kit contains a wired chassis as- 
sembly, new front panel, and necessary com- 
ponents to incorporate the sweep-lockout 
feature in your instrument. It also includes 
a photo, schematic, parts list and step-by- 
step instructions. 

Order through your Tektronix Field En- 
gineer. Specify Type 502 Sweep Lockout 
Mod Kit. Tek. No. 040-209. Price is $45.00. 



A WORD OF CAUTION 




Recently we came across a 1.25-v nickel- 
cad ium battery with an improperly applied 



label — see picture above. Apparently the 
label has been applied upside down. The 
arrow supposedly pointing to the positive 
end of the battery actually points to the 
negative end. 

Batteries of this configuration and voltage 
are used in the Tektronix Type 321 Tran- 
sistorized Oscilloscope. An experienced and 
careful operator would probably notice this 
error in labeling and install the battery prop- 
erly polarized. 

It is not inconceivable, however, that the 
battery might be installed incorrectly (polar- 
ity reversed) by an inexperienced operator 
or one in a hurry. In an instrument oper- 
ated under these conditions the incorrectly 
installed battery would eventually explode. 
The explosion could have sufficient force to 
seriously damage the oscilloscope. 

For the benefit of those who may not 
know, in this type of nickel -cadium battery 
the protruding or nipple-like end is alzvays 
the positive end. If there is any question 
about the polarity of a battery, check it out 
with a voltmeter. 

Every nickel -cad ium battery received at 
Tektronix from our suppliers is placed on a 
charging line. It would be virtually im- 
possible for an incorrectly marked battery 
to get into a production instrument or to 
be shipped on a customers parts order. 

However, this brand of battery is nation- 
ally marketed and may be purchased locall}'. 
W'e do, therefore, urgently recommend a 
careful inspection of locally purchased bat- 
teries of this type before installation in an 
instrument. 



MISSING INSTRUMENTS 

The National Broadcasting Company in 
Burbank, California, reports that a Tek- 
tronix Type 310 Oscilloscope, s/n 1864 dis- 
appeared from their premises on August 8th, 
1961. They presume the instrument to be 
stolen since a check of authorized personnel 
failed to reveal the instrument. If you have 
any knowledge of the whereabouts of this 
oscilloscope, please contact Mr. Frank Som- 
mers, Engineering Department, National 
Broadcasting Companj^ 3000 Alameda, Bur- 
bank, California. 

A Tektronix Type 317 Oscilloscope, s/n 
001771 is missing from the U.S. Air Force 
at Self ridge AFB, Michigan. The Air Force 
nomenclature of the missing property is as 
follows: Portable oscilloscope. Model #317, 
Serial #001771, Stock #676-1302, Class 
Symbol 6625, Listed value : $800.00 

If you have any knowledge of this instru- 
ment contact Gene P. Moritz, Colonel, 
USAF District Commander, 507th OS I De- 
tachment, Sel fridge AFB, Michigan. 

The Picatinny Arsenal at Dover, New 
Jersey, reports that a Tekronix Type 517 
Oscilloscope is missing from their premises 
and is thought to be stolen. 

If you have any information on the where- 
abouts of this instrument, please contact the 
Picatinny Arsenal or the Tektronix Field 
Office, 400 Chestnut Street, Union, New 
Jersey. 
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The Howe Precision Products Company 
reports that a Tektronix Type 317 Oscillo- 
scope, serial number 879, was lost in transit 
to one of their Rail Flaw Detection Cars. 

Information on the whereabouts of this 
instrument should be sent to: Mr. E. I. 
Cook, Maintenance Manager, Howe Pre- 
cision Products Company, Shelter Rock 
Road, Danbury, Connecticut, Telephone : 
Pioneer 8-9243. 



USED INSTRUMENTS FOR SALE 



1 Type 561, s/n 
889. Price 
$382.50 

1 Type 72 Plug- 
In, s/n 565. 
Price $225.00 
1 Type 67 Plug- 
In, s/n 1031. 
Price $135.00 

1 Type 541, s/n 
378 



1 Type 316, late 
model 



1 Type N Plug- 
In, s/n 683 
1 Type 110 Pulse 
Generator and 
Trigger Take- 
off, s/n 294 
1 Type 113 Delay 
' Cable, s/n 294 

1 Type 5 HAD 



2 Type 551 scopes 
2 Type CA Plug- 
In Preamplifiers 



Transit el Internation- 
al Corporation 
615 Winters Avenue 
Pa ramus. New Jerse>- 



Bernie Stapler 
Columbia Technical 
Corporation 
24-30 Queens Brook- 
lyn Express, West 
Wood side 77, New 
York. 

Phone : YEllowstone 
2-0800 

August Schonefeld 
Precision Instrument 
Co. 

1011 Commercial St. 
San Carlos, Calif. 

Morris-Cooper Corp. 
3832 Terrace Street 
Philadelphia 28, Pa. 
Phone: IV 6-6533 



Engineering Associ- 
ates 

434 Patterson Road 
Dayton 19, Ohio 

L. Nucci 

General Applied Sci- 
ence Laboratories 
Merrick & Stewart 
Avenues 

Westbury, Long Is- 
land, New York 



1 



3 



8 



Type 535, R, N. Kampf, P. A. 
s/n 10751 Computer Division 
'hype 545, Phil CO Corporation 
s/n 14669, 13900 Welsh Road 
14670, 

14671 

Type 541, Willow Grove, Pa, 

.s/n 7471, Phone: Oldfield 9-7700 
7472, 7474, 

7490, 7491, 

7492, 7493, 

7494. 



USED INSTRUMENTS WANTED 

1 Type 502 Luis A. Rocha, Z. 



1 Type 545 or 
Type 545 A 



1 3" Tektronix 
Oscilloscope 



Kepco, Inc, 

131-38 Sanford Ave. 
Flushing, New York 

Chas. Wilson 
501 Keebler Road 
King of Prussia, Pa. 

D. Cleveland 
10 Museum Road, 
Beverly, Mass. 



INSTRUMENTS TO TRADE 



1 Type 515A scope 
for Type RM15 
scope 



Bart Healy 
Technical Instru- 
ments, Inc. 

90 Main Street 
Reading, Mass. 



KING SIZE HELMHOLTZ COILS 
USED FOR TEST AND RESEARCH 

Tektronix IMSE (Instrument Manufac- 
turing Staff Engineers) recently completed 
construction of a king size Helmholtz coil. 
(A lielmholtz coil consists of two equal - 
diameter coils spaced a distance equal to 
their diameter apart.) They will use the 
coil to measure the effects of magnetic 
fields on Tektronix oscilloscopes. 

This Helmholtz coil contains two coils, 
each two meters in diameter and holding 
90 turns of heavy copper wire per coil. A 
total of just under 4,000 feet of wire — 
40 pounds of copper. Spacing the coils 
one meter apart and applying an electric 
current sets up a highh^ uniform magnetic 
field of about a cubic meter in size between 
them. That leaves plenty of room to insert 
an oscilloscope in the field and observe the 
effect it produces on the electron beam of 
the scope’s crt. 




Figure 1 



Figure 1 shows a Tektronix T\’pe 531 A 
Oscilloscope sitting in the magnetic field 
with a search coil (the wand-like device 
laying on top of the scope) connected to 
the scope input. The trace on the crt face 
indicates a pickup by the search coil of 
an ac magnetic field that measures 25 
Oersteds peak- to- peak. 

Figure 2 shows the same oscilloscope in 




Figure 2 

the same magnetic field with the sweep 
synchronized to 60 cycle ac and no signal 
applied to the scope input. Notice that in 
this 25 Oersted magnetic field the trace on 
the face of the crt shows only about 2 mm 
of ripple. This indicates that the crt shield- 
ing prevents all but a negligible amount of 
the magnetic field from reaching and 
influencing the electron beam of the crt. 

Although built primarily to answer the 
question, “Can we put our oscilloscopes in 
a magnetic field 5 units (Oersteds) strong 
and not displace the crt spot more than 
l/16th of an inch?”, the Helmholtz coil will 
lend itself to many other uses as a test and 
research tool. 

What’s the answer to the question? Well, 
IMSE’s best guess from previous work was 
that we could — but no one was positive. 
Now we knozv we can. 



TRUANT SCOPES RETURN 
TO SCHOOL 

Two oscilloscopes absent without leave 
from their respective' schools returned to 
the halls of learning recently. Mr. R.W. 
Moulton, Executive Officer of the Univer- 
sity of W'ashington Chemical Engineering 
Department, writes us that the Tektronix 
Type 504 Oscilloscope, serial number 214, 
reported missing in the December ’61 issue 
of this paper, mysteriously reappeared in 
one of their laboratories. 

Through our Palo Alto Field Office, 
we hear that the Tektronix Type 51 5 A 
Oscilloscope, serial number 6135, (also re- 
ported missing in the December ’61 issue 
of SERVICE SCOPE) has been returned 
to the San Francisco City College after a 
four months absence. 

We have no way of knowing if the notices 
in the “Missing Instruments” column of 
SERVICE SCOPE played any part in the 
return of these instruments to the schools. 
We’d like to speculate, however, that maj^be 
— just maybe — the borrowers or “kidnap- 
pers” of these instruments read the notices 
in SERVICE SCOPE and that either pru- 
dence or an uneasy conscience moved them 
to return the oscilloscopes. 

Whatever the cause, the scopes, were re- 
turned and that’s the important thing. 
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A LIMITED OFFER 

We have remaining a small Cjuantit^' of 
the booklet entitled “Impulse Tests and 
Measuring Errors". We can best describe 
the material in this booklet hy quoting the 
introductory paragraph : 

“It has been shown .... in international 
comparisons of the work of various labora- 
tories, that the accuracj' of measurement in 
tests with impulse voltage does not fulfill 
the demands it has been thought appropriate 
to make. This article analyses a part of 
the question — the problem of measuring 
the amplitude and shape of impulse voltages 
and currents with sufficient accuracy for 
practical purposes. The methods of check- 
ing impulse circuits which have been used 
at the High-Voltage Laboratory at Ludvika 
for some years are described and the mini- 
mum demands which should be made on 
measuring circuits intended for various 
impulse tests are set out. Descriptions are 
given of a number of measuring circuits". 

We offer these booklets to those readers 
of SERVICE SCOPE whose interests lie 
in this area. Place your requests for a copy 
with your local Tektronix Field Engineer. 
We must of necessity refer all requests 
sent direct to us to our Field Engineer 
serving the area in which the request 
originated. So, since this offer is on a 
first -come-first-served basis, you will expe- 
dite your request if you place it with your 
local Tektronix Field Engineer. 



A CONVENIENT PROBE-TIP HOLDER 

Tektronix Field Engineer Jerry Krax- 
berger sent in this idea for a convenient 
probe-tip holder. 

If you, as this writer often does, spend 
frustrating minutes looking for mislaid probe 
tips, the do-it-yourself probe-tip holder pic- 
tured in Figure 1 will undoubtedly appeal 
to you. 




Figure 1 



The design of the pictured holder permits 
attachment of it to any Tektronix 5" oscil- 
loscope (see Figure 2) except when an oscil- 
loscope camera is in use. 




Figure 2 

The circular cut out in the base of the 
holder allows it to fit over the new Polar- 
ized Viewer (see October ’61 issue of SER- 
VICE SCOPE) or a tubular light shield. 

For the base of this holder, we used a 
piece of sheet aluminum 2" wide by 6" long. 
We formed the Yz" flanges by making two 
90° bends using a sheet metal break. On 



one flange, equidistant from each end and 
on 5" centers, we drilled and tapped two 
holes. We used a number 36 drill and a 
6-32 tap. Into these holes we screwed the 
two banana plugs that attach the holder to 
an oscilloscope by fitting into the two top 
graticule studs. On the top surface of the 
holder, we laid out and drilled and tapped 
eight equi-distant holes again using a num- 
ber 36 drill and a 6-32 tap. Into each hole, 
we screwed a 6-32 x Yz" binder head screw. 
Taking a 154" length or aluminum rod, we 
drilled and tapped it at each end for a 6-32 
screw. We then mounted the rod on one 
of the installed 6-32 x YY‘ screws. In the 
exposed end of the rod, we installed a 6-32 
stud. We made the stud by running a 6-32 
nut onto a 6-32 x 54" screw, threading the 
screw into the rod until it bottomed and 
then turning the nut down snug against the 
rod. We then cut the screws off wdth a 
hack saw so that about extended be- 
yond the nut. After rounding off the edges 
of the stud, we ran the nut off the stud. 
This reforms and deburs an}' damaged 
threads on the stud. 

Use the rod and stud to hold the pincher 
tip of the probe and the other seven screws 
to hold the other probe tips. 

We used a rat-tail file to remove the 
metal from the circular cut out of our 
holder. 

For attaching the probe holder (that white 
plastic object with a slot) to the probe-tip 
holder, we used an ordinary ground post 
mounted in a hole drilled in the front flange 
of the probe-tip holder. 

Perhaps you do not care to mount your 
probe- tip holder on the graticule studs of an 
oscilloscope or to construct as functional a 
holder as the one described here. By apply- 
ing the idea of the seven screws and the rod 
with stud, you can make a probe -tip holder 
to suit your individual ambition and needs. 
Install it any place that’s handy — bench, w^all, 
oscilloscope cart. 

Installed and used, this probe-tip holder 
I should save you time and put an end to your 
probe- tip hunting. 
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Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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FAN-VIBRATiON PROBLEMS: 
SOME CAUSES AND CURES 



In Tektronix instruments employing 
forced-air ventilation, fan vibration is not | 
normally a problem. Fan-vibration problems, | 
when they do occur, generally stem from one 
of two sources — the fan motor or the fan- 
blade assembly (fins, spider and hub). 

In most of our forced-air-ventilation in- 
struments, the fan motors operate at rela- 
tively slow speeds. The fan motors used in 
these instruments are typically in proper 
balance as we receive them from the sup- 
pliers. In instruments where the rotation 
speed of the fan motor might conceivably 
cause a problem we shock mount the fan 
motor as a precautionary measure. 

The fan-blade assemblies are fabricated 
by techniques designed to produce assem- 
blies in balance both statically and dynami- 
cally. The fins in a properly balanced assem- 
bly are all aligned to operate in the same 
plane and all have the same pitch or angle 
relative to the axis of the fan-motor shaft. 
Troublesome fan vibration is most often 
caused by an unbalanced fan-blade assembly. 
Instruments undergo a check, before they 
leave our factory, to assure that they have 
a minimum of fan vibration. 

However, any rough handling of the in- 
strument can upset the balance of the fan- 
blade assembly by altering either the pitch 
or rotation plane (or both) of one or more 
of the fins. 

Often you can restore the fins to their 
proper plane and degree of angle by the 
following procedure: 

1. Check all fins to make sure they turn 
in the same plane by referencing a 
gauge bar (screw driver tip, pencil 
or etc.) within 34" of one of the side 
edges of the fins. While maintaining 
a slight axial pressure toward the fan 
motor, slowly rotate the fan-blade 
assembly and note the clearance be- 
tween the gauge bar and the fin edges. 
If the fins are all turning in the same 
plane, the clearance will be the same 
for each fin. Correct any difference 
by grasping the tip of the offending 
fin between a thumb and forefinger 
and bending in the required direction. 

2, Compare the pitch of all fins by check- 
ing both sides of the fin edges as in 
step 1. Twist and bend the fins with 
thumb and forefinger as necessary to 
make each side of each fin run in 
its proper plane. Correctly done, this 
should establish the same degree of 
pitch for each fin. 

If vibration still persists, remove the fan- 
blade assembly from the motor shaft and 



run the motor. If the fan motor is the culp- 
rit, vibration will still be present but, most 
likely, considerably reduced. This will in- 
dicate that the fan motor, through wear, has 
developed excessive bearing play. More 
rarely, it may indicate a defective motor. 
In either case, the motor should be re- 
placed. 

Absence of vibration will indicate that 
the fan -blade assembly is too badly out of 
alignment to be corrected by the means 
described here. Under these circumstances 
3^011 will no doubt find it most expedient to 
replace the old fan-blade assembly with a 
new one. 



SERVICE HINTS 

TYPE 551 DUAL-BEAM OSCILLO- 
SCOPES 

Filament wiring change to increase power 
supply reliability — s/n’s 101 to 2357. 

You can considerably reduce the possi- 
bility of heater-cathode breakdown in V734 
(6AU6 error-amplifier tube in =h500v 
power supply regulator) by changing the 
heater of this tube from a grounded supply 
to an elevated supply. Type 551 ’scopes, 
serial numbers 2358 and up incorporate 
this modification. 

To modify instruments in the field, re- 
move the bare wires connecting the fila- 
ments of V734 (pins 3 and 4) to pin 1 
(grounded) of V657 and the 6.3 v filament 
buss at pin 8 of V687. 

Also, unsolder from pin 4 of V734, the 
bare wire coming from pin 9 of V616 and 
resolder it to pin 1 (grounded) of V619. 

Wire the filaments of V734, in parallel 
with those of V747. For proper access, you 
will probably find it necessary to unsolder 
one or two of the components mounted 
above the V747 socket. Unsolder these 
components at one end only and bend them 
up out of the way. If you find it necessary 
to remove the PTM capacitor C744 (0.01 
/xf), unsolder it at both ends and tempo- 
rarily remove it. 

Use insulated or sleeved wire to connect 
pin 4 of V734 to pin 4 of V747. If you pay 
careful attention to lead dress, you may use 
bare wire when connecting pin 3 of V734 
to pin 3 of V747. 

After carefully checking the wiring and 
lead dress, replace and resolder any compo- 
nents unsoldered for access. 

A resi.stance check should now show : Pin 
3 or 4, V734 to ±350 v supply buss, approxi- 
mately 100 k. Pin 3 or 4, V734 to ground, 
110 k or more. 

Correct the instruction manual (power 
supply diagram) for the modified instru- 



ment to show the filament V734 connected 
to the elevated (±350 v) filament supplj^ 

TYPE 535A, TYPE 545A, TYPE RM35A, 
AND TYPE RM54A OSCILLOSCOPES 
When operating the above instruments 
and using Time Base B triggered in the DC 
mode, tube V94 may go into oscillation. The 
problem can be overcome b}'^ tube selection. 
However, a very simple modification will 
give a more satisfactory solution and elimin- 
ate the necessity to select tubes. 

To make the modification, locate R90, 
a 1.2 meg, 1 w, 10% resistor. You will find 
this resistor connected between the 4th and 
8th notches (counting from the front of 
the oscilloscope) of the ceramic strip located 
almost directly over tubes V74 and V95. 
These tubes are in turn located on the 
swing-out chassis containing the Time-Base 
B Trigger and Generator, Delay Pickoff, 
and External Horizontal Amplifier circuitry. 
Replace this resistor with a 2.2 meg, 34 w, 
10% resistor. Correct the instruction man- 
ual (Time-Base B diagram) to show the 
new value for R90. 

This modification applies to instruments 
with serial numbers below the following: 
Instrument Serial Number 
Type 535A 27860 

Type RM35A 2550 

Type 545A 33015 

Type RM45A 2760 

Respective instruments bearing serial num- 
bers above those listed here have this modif- 
ication incorporated at the factory. 



TYPES (53/54) A, B. C-A, G, AND H 
PLUG-IN PREAMPLIFIERS— TRANS- 
CONDUCTANCE AND GAIN CHECK. 

It is sometimes difficult to determine in 
a low-level, low-gain, video amplifier stage, 
whether transconductance and gain are ade- 
quate or whether the tubes should be re- 
placed. 

Here’s a trick that works well in Tek- 
tronix Plug-In Preamplifiers Types (53/ 
54) A, B, and C-A for checking the in-cir- 
cuit transconductance of the input-amplifier 
stages, and in Tj^pes G and H for check- 
ing the output-amplifier stage, using a dis- 
play of the calibrator waveform or other 
convenient signal. 

The trick is simply to rotate the VAR- 
IABLE VOLTS/CM control over its full 
range with the GAIN ADJ control fully 
clockwise. If the range of the variable 
volt.s/cm changes display amplitude by 234 - 
to-1 or more, the transconductance of the 
tubes in the affected stage is adequate. If 
the control range is less than 234 -to-l, the 
tubes are probably weak and should be 
changed. 



This method will also work with the Type 
K and L PIug-Tns( input amplifier check). 
In these instruments, however, the range of 
the variable volts/cm change in the display 
amplitude will be 2-to-l (2j4-to-l with new 
360®, continuous rotation, potentiometer). 

To determine the actual value of trans- 
conductance, set the VARIABLE VOLTS/ 
CM control for exactly maximum de- 
flection. Turn off the scope, remove the 
olug-in and (after allowing several seconds 
for the tubes to cool), measure the resist- 
ance across the VARIABLE VOLTS/CM 
potentiometer terminals. Dividing this value 
of ohms into 2 will give you the average 
in-circuit transconductance (in mhos) of the 
two tubes whose cathodes are connected to 
the pot.. To convert to micro-mhos, move 
the decimal point 6 places to the right. 

This transconductance is set by the GAIN 
ADJUST control, which varies the tubes’ 
cathode current. In instruments where the 
main amplifier gain has been set too high 
(and the preamp GAIN ADJUST set too 
low to obtain calibrated deflection), a full 
2J^-to-l (2-to-l, or 2 j/ 2 -to-l, in the case 
of the Type K and L Plug-Ins) var-volts/ 
cm range may not be obtainable at the 
normal GAIN ADJUST setting. The solu- 
tion, of course, is to reset the oscilloscope 
main-amplifier gain to the standard 100 
mv/cm, using the Type TU-1 or TU-2 Test 
Plug-In, or a Type EP-53A Gain Adjust 
Adapter and then increase the preamp 
GAIN ADJ setting to obtain a calibrated 
deflection. 



REMINDING YOU — 

. . . that blue vinyl touch-up paint for Tek- 
tronix instruments (with the smooth tex- 
tured — not crackled finish) is available in 
12 ounce pressurized spray cans (Tek no. 
252-092). Price is $2.00. 

. . . that in high-speed pulse measurement and 
observation techniques, impedance mismatch- 
ing in coupling the oscilloscope to the signal 
source through coaxial systems must be 
avoided. Such a mismatch can have an ex- 
tremely important effect on the accuracy 
of the information obtained. 



6DJ8 CONVERSION 

Type 6DJ8 tubes are improved versions of 
Type 6BQ7A tubes. They offer better per- 
formance, more reliability and characteris- 
tics more consistent from tube to tube and 
between sections of one tube. You can use 
6DJ8’s as direct replacements for 6BQ7A’s 
in most Tektronix instruments including 
those using aged and checked 6BQ7A’s. 

In most cases you won’t have to change 
any circuits. Minor adjustments are, how- 
ever, often necessary. They usually amount 
to no more than routine calibration for the 
circuits in which you replaced the tubes. 
Your instruction manual describes how to 
make these adjustments. 

A premium version of the 6DJ8 tube is 
available as the Type 6922 tube. We recom- 
mend its use where optimum reliability is 



imperative. Tektronix part numbers for 
these tubes: 

(154-187) tube, electron Type 6DJ8 $2.75 
(154-195) tube, electron Type 6922 $7.35 

Circuit changes necessary : 

Type 53C Plug-In Preamplifier, all serial 
numbers : 

Reduce the gain of the first amplifier 
stage by changing R3553, R3573, R4553 and 
R4573 from 680 or 820 resistors to 470 
w, 10% composition resistors (Tek no. 
302-471). 

Type 315D Oscilloscope, all serial numbers: 
Install a NE-2 neon bulb (Tek no. 150- 
002) between pins 7 and 8 of tube V2. This 
reduces the possibility of a grid-to-cathode 
short in V2 when the instrument is first 
turned on. 

The MAG CENTERING control (R306) 
in the time-base amplifier may not have 
enough range when using 6DJ8's. If it 
doesn't, change R300 from 200 or 220 k to 
250 k, w, 1% precision resistor (Tek no. 
309-109). Also, you may run into trouble 
using 6DJ8’s in the time-base generator. 
If you can't calibrate this circuit with 
6DJ8’s installed, change back to 6BQ7A's. 

Type 524D and Type 524AD Oscilloscopes : 
These instruments, depending on the serial 
number, will require several of the following 
changes : 

All serial numbers : 

1. Decouple the plate of VI 5 B by adding 
a 47 w, 10% composition resistor 
(Tek no. 302-470) and a 0.005 /tf, 500 v 
discap (Tek no. 283-001) as shown in 
Figure 1. This prevents the line-in- 
dicating video-output circuit from oscil- 
lating when VI 5 is a 6DJ8 and a 52 12 
load is used. 



+225v 




Figure 1. Type 524D/524AD Verti- 
cal Amplifier and Delay Line (par- 
tial schematic). 

2. Shunt C28 and C31, 9-180 or 7-45 pf, 
variable capacitors in the vertical ampli- 
fier, with 82 pf, 500 v, 10% ceramic 
capacitors (Tek no. 281-528). 

Serial numbers 1842 and below : 

1. Refer to Figure 2. Decouple the 120 v 
plate supply of V601B by adding a 
1.5 k, 1 w, 10% composition resistor 
(Tek no. 304-152) and a 0.02 /zf, 600 v 
discap (Tek no. 283-006) as shown in 
Figure 2. 
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Figure 2. Type 524D/524AD Time- 
Mark Generator for serial numbers 
1842 and below (partial schematic). 



2. Refer to Figure 3. Decouple the 120 v 
plate supply of V601A by adding a 
1.8 k, 1 w, 10% composition resistor 
(Tek no. 304-182) and a 0.1 /tf, 500 v 
discap (Tek no. 283-008) as shown in 
Figure 3. 
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Figure 3. Type 524D/524AD Time- 
Mark Generator for serial numbers 
1842 and below (partial schematic). 



Serial numbers 1843 and up : 




Figure 4. Type 524D/524AD Time- 
Mark Generator for serial numbers 
1843 and up (partial schematic). 
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1. Refer to Figure 4. Decouple the 120 v 
plate supply of V601A by adding a 
1.5 k, 1 w, 10% composition resistor 
(Tek no. 304-152) and a 0.02 /if, 600 v 
discap (Tek no. 283-006) as shown 
in Figure 4. 

2, Refer to Figure 5. Decouple the 120 v 
id ate supply of V’’601B by adding a 
1.8 k, 1 w, 10% composition resistor 
(Tek no. 304-182) and a 0.1 /if, 500 v 
discap (Tek no. 283-008) as shown in 
Figure 5. 




Figure 5. Type 524D/524AD Time- 
Mark Generator for serial numbers 
1843 and up (partial schematic). 

Serial numbers 101 through 2154: 

Change C28 and C31 in the vertical 
amplifier from 7-45 pf to 9-180 pf vari- 
able capacitors (Tek no. 281-023.) Shunt 
each with an 82 pf, 500 v, 10% ceramic 
capacitor (Tek no. 281-574). 

Serial numbers 101 through 5341 : 

Install two neon bulbs, NE-2 (Tek no. 
150-002) ; one between pins 2 and 3 and 
one between pins 7 and 8 of V222. This 
helps to prevent grid -to -cathode shorts 
in this tube when the 524 is first turned 
on. 

Serial numbers 101 through 5899: 

Install two neon bulbs, NE-2 (Tek no. 
150-002) ; one between pins 7 and 8 of 
V23 and one between pins 7 and 8 of V24. 
This helps to prevent grid-to-cathode 
shorts in these tubes when the 524 is first 
turned on. 

Serial numbers 6650 and up : 

Change R601 from a 1.2 k to 1.8 k, 1 w, 
10% composition resistor (Tek no. v302- 
182). 

Serial numbers 101 through 6649: 

Refer to Figure 6. Shunt V412 by add- 
ing a 3 k, 10 w, 5% wire- wound resistor 
(Tek no. 308-020) as shown in Figure 
6. This limits the power dissipation of 
V412 and V601. 

Type 525, serial numbers 590 and below : 

1. Change R19 in the calibrator circuit 
from a 2.7 meg, to a 2.2 meg, w, 
10% composition resistor (Tek no. 
302-225). Readjust the CAL ADJ by 
referring to your instruction manual. 

2. Change all 6BQ7A’s in the sweep cir- 
cuit to 6DJ8’s at the same time. 
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Figure 6. Type 524D/524AD Low- 

Voltage Power Supply all serial 

numbers (partial schematic). 

3. Change R353 from 10 k to 12 k, w, 
10% composition resistor (Tek no. 
.302-123). 

4. Change R354 from 15 k to 18 k, w, 
10% composition resistor (Tek no. 301- 
183). 

5. Change R365 from 150 k to 120 k, 14 w, 
10% composition resistor (Tek no. 301- 
124). 

6. Change R366 from 150 k to 120 k, ^ w, 
10% composition resistor (Tek no. 301- 
124). 

7. Change wiring in the sweep as shown 
in Figure 7. 




Figure 7. 

Readjustments are necessary if you install 
6DJ8’s in the horizontal or vertical circuits. 
Refer to your instruction manual. No re- 
adjustments are necessary if you install 
6DJ8’s in the sync separator and trigger 
amplifier circuit. 

Type 531, serial numbers 593 and below : 

Type 535, serial numbers 1056 and below: 

Reduce the gain of the vertical amplifier 
by changing the cathode circuits of the 
delay-line driver stage : 

1. Check R503, located between pin 8 of 
Y508 and pin 8 of V509. If it is 3.9 U 
or 5.6 remove it and the 0.047 /tf 
capacitor, C503, connected in parallel 
with it. In place of this parallel com- 
bination put a series combination con- 
sisting of a 1.2 k, w, 10% composi- 
tion resistor (Tek no. 302-122) and a 
100 pf, 500 V capacitor (Tek no. 281- 
530). Shunt this series combination 
with another 100 pf, 500 v capacitor 
(Tek no. 281-530). 

2. Change the 10 U resistors connected 
between pin 3 of V508 and V509 and 
the ceramic strip with 39 w, 10% 
composition resistors (Tek no. 302- 
390). 



Type 531 A, serial numbers 5969 and below : 
Type 535 A, serial numbers 6321 and below : 

There is a possibility of vertical ampli- 
fier parasitic oscillations. This appears as 
a step on the leading edge on an input 
squarewave (calibrator w^aveform for in- 
stance). Prevent this by adding C560, a 
0.01 /if, 500 V, discap (Tek no. 283-002), 
between pin 1 and V558 and ground. This 
is a desirable change even if 6DJ8's are 
not used in the vertical amplifier. 

Type 541A, serial numbers 6475 to 7078: 

TN'pe RM41, serial numbers 149 and below: 
Type 543, serial numbers 318 and below: 

Type 545A, serial numbers 9292 to 11904: 
Type RM45, serial numbers 208 and below : 
Type 551, serial numbers 596 and below: 

In the vertical amplifier (upper-beam 
vertical amplifier of Type 551) change 
R1033 from 1.5 k to 2.5 k, 5 w, wire wound 
resistor (Tek no. 308-127) and R1223 from 
2.7 k to 4.7 k, 2 w, 10% composition resistor 
(Tek no. 306-472). 

In the Type 551 lower -beam vertical 
amplifier, also change R2033 and R2223 to 
the new values. 

Readjust the vertical amplifier and delay 
line according to your instruction manual. 
(This SERVICE SCOPE article supersedes 
FMR 157-3/24/61). 



MISSING INSTRUMENTS 

Tektronix Field Engineer John Griffin 
of our Stamford Field Office experienced 
a bit of bad luck recent l 3 ^ A Type 502 
Oscilloscope, s/n 5070, and a Type C-12 
Camera, s/n 348, with a Shutter Actuator, 
Model 1 disappeared from his car. John did 
not authorize anyone to remove these instru- 
ments from his car so we presume they 
have been stolen. 

Tf you have any information regarding 
these instruments, please get in touch with 
the Stamford Field Office. Their address 
is 1122 Main Street, Stamford, Connecticut. 
Phone number — DAvis 5-3817. Or, if you 
prefer, contact your local Tektronix Field 
Engineer. 

The Oklahoma State University reports 
that a Type 561 Oscilloscope, s/n 409, along 
with a Type 72 Dual-Trace Plug-In Unit, 
s/n 397, and a T}q)e 67 Time-Base Plug-In 
Unit, s/n 433, is missing from the Electrical 
Engineering Department and is thought to 
be stolen. 

Persons with information regarding the 
whereabouts of these instruments should 
contact : Gerald Stotts, Head Lab Techni- 
cian, School of Electrical Engineering, 
Oklahoma State University, Stillwater, 
Oklahoma. The telephone number is FRon- 
lier 2-6211, Ext. 322. 

Our Cleveland Field Office notifies us of 
a missing Type 321, s/n 883. This instru- 
ment disappeared from the Worden Road 
Plant of the Bailey Meter Company in 
Wickliffe, Ohio. 

Mr. V. S. Rutherford of the Bailey Meter 
Company would like to hear from anyone 
who has information on the whereabouts of 
this instrument. Address information to : 
V. S. Rutherford, Baile}^ Meter Company, 
Worden Road Plant, Wickliffe, Ohio. 
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USED INSTRUMENTS WANTED 



1 or 5" Tek- John J. Arragnost 
tronix scope. DeV ry Technical Inst. 

4141 \\'est Belmont St. 
Chicago, Illinois 

Several Type 511, James Palmer 
Type 512 and Engineering Department 
Type 513 Oscillo- Gannon College 
scopes. Perry Scjuare 

Erie, Pennsylvania 



Several general Bob Jones 

purpose 10 to 15 2406 Eastern Avenue 
MC Oscilloscopes, Wesley vi lie, Pa. 

3" or 5". 



1 T ype 524 



1 Type 310 or 
Type 310 A 



1 Type 502 or 
Type 503 



1 T>'pe 514D or 
Type 310 



1 Type 310 or 
Type 315 



Ed Shinholt 

Radio Corporation of 

America 

3301 South Adams St. 
Marion, Indiana 

Thomas A. Barr 

WAFG TV 

1000 S. E. Monte Sano 

Blvd. 

Huntsville, A 1 abama 

Joe Posten 
309 Benton Drive 
Indianapolis, Indiana 
Phone: TU 1-9771 

M. Perez & Sons 
Television Service Labs. 
6475 Main Street 
Long Hill, Connecticut 
Phone: AM 8-3766 

A1 Willis 
70 Pilgrim Lane 
Westbury, Long Island 
Phone : ED 4-5604 



USED INSTRUMENTS FOR SALE 



1 Type 524AD, Jerry A. Richards 

s/n 6347 Chief Engineer 

\VGTE-fv 
Toledo, Ohio 
Phone: 531-1451, 
Ext. 348 



1 Type 502, CoL Eloxie 

s/n 1477 Lind Industries 

2294 Mora Drive 
Mountain View, Calif. 
Phone: YOrkshire 
8-0083 



1 Tvpe 514D, 
s/n 2812. 
Price $675.00 
1 Type 524D, 
s/n 1665. 

Price $775.00 



Pete Pappas 
Electronic Development 
Laboratories 
4307 23rd Avenue 
Long Island, New York 
Phone: RA 8-7116 



Seller says both scopes in better than 
average condition. 



1 Tvpe 575, s/n 
2103. Has had 
very little use. 



Travis Howell 
RAWCO Instruments 
1400 Riverside Drive 
Fort Worth, Texas 



1 Type 551, Dr. Verner J. Wulff 

s/n 2011 Masonic Medical 

2 Type CA Plug- Research Laboratory 

Ins, s/n’s 13443 Utica 2, New York 
and 13444 Phone: RE 5-2217 



1 Type R Plug- 
In Unit 



Bob Billings 
Eldorado Electronics 
2821 Tenth Street 
Berkeley, California 



1 Type 533 A, Mr. Blair 

.s/n v5039 Eastern Specialty 

3617 North Eighth St. 
idiiladelidna 40, Penn. 
Phone : B.-\ 8-0500 




A-2128 



Tektronix Instrument-Repair Facilities: There is a fully-ectuipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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HORIZONTAL SAMPLING THEORY 

B}' Hal Hardeiibergh ; until recently, 
assigned to our West Los Angeles 
Field Office. 



erator is now tripped by the delayed trig- 
ger output of the variable delay circuit. If 
a sufficient range of delay is available, 
samples may now be taken over the entire 
waveform. Our block diagram now takes 
this form : 




To recreate a waveform using sampling 
techniques, samples must be taken over the 
entire waveform. Taking a sample of the 
leading edge of the waveform is easy; a 
trigger circuit is used to trip a strobe pulse 
generator directly. A block diagram of 
this system would take this form : 




Figure 1 



In practice, the system represented hy 
the block diagram above wouldn’t be able 
to sample on the very front of the wave- 
form, because of the finite time delay in 
the trigger and strobe generator circuits. 
Therefore, a time delay must be intro- 
duced between the trigger input and the 
sampling circuit. If the vertical signal in- 
put is 50 n, a 50-0 coax cable may be used 
to obtain the necessary delay. A delay of 
approximately 50 nanosec, representing about 
33 feet of 50-0 coax, is generally used. 



Vert. 

Slgiul 

In 




Figure 2 



Although the system represented by Fig. 
2 would be able to sample an incoming 
waveform on its leading edge, it probably 
wouldn’t be able to sample in the middle of 
the waveform, or at the trailing edge. 
Practical trigger circuits can gen era Ih' 
“recognize” only the leading edge (or tran- 
sition) of a waveform. In order to sample 
in the middle of the waveform, a time delay 
must be inserted between tlie trigger cir- 
cuit and the strobe generator. 

Since long time delays may be neces- 
sary (up to a millisecond) and since the 
delay should be continuously variable, an 
electronic delay is used. The strobe gen- 




Figure 5 
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Figure 3 



Functionally, this variable delay circuit 
is identical to the delayed trigger pick-off 
in the Tektronix Type 535/535A Oscillo- 
scopes. The trigger circuit recognizes the 
incoming waveform and initiates a voltage 
ramp or sweep. The voltage ramp is 
fed into a comparison circuit, or com- 
parator, along with a DC voltage. WHien 
the ramp reaches the level of the DC volt- 
age, the comparator puts out a trigger pulse 
called the delayed trigger. The time delay 
between tlie trigger input and the delayed 
trigger output may be changed by varying 
either the DC voltage or the slope of the 
ramp. Usually the DC voltage is changed 
(by the DELAY TIME helipot on the 
Type 535 or Type 535 A) to obtain a vernier 
delay, and the slope of the ramp is clianged 
to change tlie range of the vernier. A block 
diagram of tbe delayed trigger circuits in 
the Type 535 or Type 535 A would take 
this form : 



If the DC voltage in the above block dia- 
gram is increased each time a sample is 
taken, comparison will take place progres- 
sively further along the fast ramp. Tims, 
there is a progressive increase in the time 
delay between recognition and sampling. 
This causes eacli sample to be taken on a 
different part of the incoming signal. 

A complete sampling system, therefore, 
includes an incremental voltage-advancing 
circuit or “staircase generator.” The stair- 
case generator is made to advance one in- 
crement immediately after each sample is 
taken, by feeding tlie delayed trigger output 
of the comparator into the staircase gener- 
ator. By advancing the staircase immedi- 
ately after a sample is taken, the staircase 
generator is given the maximum time to 
reach its new DC level before the next 
ramp arrives. We now substitute a stair- 
case generator for the variable DC voltage 
in our block diagram : 
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Figure 4 



The delays needed in sampling systems are 
general h' much shorter than those avail- 
able from the delayed trigger of a Type 
535 or Type 535 A ; therefore, the circuitry 
is different. However, a voltage ramp, now 
called the “fast ramp,” is still compared to 
a variable DC voltage to obtain tbe variable 
time delay needed to sample along tbe 
full length of our waveform. Our sampl- 
ing system block diagram now takes the 
following form : 



Figure 6 



The real time spacing is determined only 
1 ) 3 ' the repetition rate of the waveform (up 
to the maximum sampling rate of the oscil- 
loscope). Tlie equivalent time spacing is 
determined only 1 ) 3 ' the fast ramp slope and 
the amplitude of each stairstep. Therefore, 
the equivalent time of a sampling display is 
independent of the real time of the display 
and vice-versa. 

When we reconstruct the shape of a wave- 
form on the CRT of a sampling oscilloscope, 
we in effect pretend that all of the samples 
contained in one sweep were taken on one 
waveform. Therefore, the time/div cali- 
bration of a sampling scot)e is in equivalent 
time. 

If tbe fast ramp is a linear voltage/time 
ramp and if tbe stairstep is advanced in 


















uniform increments, the spacing of the 
samples along the incoming waveform will 
be uniform in equivalent time. 

To understand the meaning of “equivalent 
time,” consider the following case: If w^e 

reconstruct a repetitive pulse 12 nanoseconds 
wide by taking 12 samples, one real time 
between successive samples depends on the 
repetition rate of the waveform. However, 
by using our 12 samples to reconstruct a 
picture of the waveform, we are in effect 
pretending that all of the samples were 
taken on one pulse. If this were true, the 
time between samples would be only one 
nanosecond (12 samples along our 12 nsec 
pulse). This is the equivalent time between 
samples. 




To reconstruct a waveform, the samples 
must be spaced horizontally in the proper 
lime se(iuence. This is done by feeding the 
stairstep into the horizontal amplifier so 
that the trace moves one increment horizon- 
tally as each sample is taken. The relation- 
sliip between the increment of horizontal 
distance per sample and the equivalent time 
l>er sample will determine the (equivalent) 
sweep tinie/div. Adding this function to 
our block diagram, we now have : 




To take a specific example, suppose that 
the amplitude of staircase going into the 
comparator is 50mv/step, where one step 
C(|uals one sample. If the fast ramp rises 
50 mv/nsec, the equivalent time per sample 
will be one nsec. 




If we adjust the gain of the horizontal 
amplifier so that each step advances the 
trace horizontally 1 millimeter, 10 samples 
(at an equivalent time per sample of 1 nsec) 
will be required per cm ; the sweep time/cni, 
therefore, will be 10 nsec. 

In other words, the (equivalent) time per 
sample, times the number of samples per 
division, equals the (equivalent) time per 
division : 

(Time/sample) (samples/div) = Time/div 

Returning to our specific example, let’s 
see what happens if we leave the fast ramp 
and the horizontal gain unchanged, but 
change the amplitude of each stairstep from 
50 mv to 100 mv. This will result in a hori- 
zontal step of ixvo mm/sample or 5 samples/ 
cm. The equivalent time/sample will in- 
crease from 1 nsec to 2 nsec. The resulting 
time/cm may now be calculated : 

(2 nsec/sample) (5 samples/cm) =10 nsec/ 
cm 

Changing only the amplitude of each step 
within the staircase generator does not 
affect the time/cm calibration of the crt dis- 
play — only the equivalent time between 
samples. However, attenuating the overall 
amplitude of a given staircase to the com- 
parator will decrease the time/cm by an 
amount equal to the attenuation. 

We’ve been using a staircase to sample at 
various points along a waveform (common 
practice is to say that the strobe pulse 
“slews” alopg the waveform). Under cer- 
tain conditions the stairstep waveform won’t 
resemble its namesake very closely. Actually, 
the staircase advances one step per sample, 
so that if we plot the voltage versus the 
number of samples taken, the graph looks 
like this : 




Humber of Samplea ►- 

Figure 10 

If the incoming waveform repeats at reg- 
ular intervals, the spacing of the steps on 
the staircase will be uniform in real time ; 
the waveform observed on a conventional 
scope will look like this : 




Figure 11 



However, if the incoming waveform re- 
curs at an irregular rate, the spacing of the 
samples (and steps) will be non-uniform in 
t*eal time : 




Real Time 



Figure 12 



Therefore, do not expect the stairstep 
ah^'ays to look like a uniform stairstep when 
observed in real time. Note that irregular 
spacing of samples in real time will not 
cause irregular spacing in equivalent time, 
since the equivalent time calibration is in- 
dependent of the repetition rate of the in- 
coming waveform. Problems will arise, 
however, when equivalent time phenomena 
are viewed on a real time (conventional) 
oscilloscope. 



MEASURING N-PORT 
PARAMETERS OF NETWORKS 

Research engineers at Page Communica- 
tions Engineers, Inc., Washington, D. C., 
a subsidiary of Northrup Corporation, have 
developed techniques for measuring n-port 
parameters of networks wdth the aid of the 
Tektronix P6016 Current Probe and Type 
131 Amplifier. Used together with a conven- 
tional voltage probe and either a dual-beam 
or electronically switched dual-channel oscil- 
loscope, with the time base synchronized to 
the voltage-input channel, the current-probe 
channel provides both magnitude and phase 
measurements. With known terminations, 
such as open circuit and short circuit, a 
complete set of complex n-port parameters 
for the component z, y, and h matrixes can 
easily be determined. 

Since the Tektronix Current Probe in- 
serts very little reactance in the lead under 
test, short-circuit current measurements are 
feasible. Similarly, driving current and load 
current can usually be determined directly 
with little extraneous effort. In general, 
since the current probe disturbs the meas- 
urement less than the shunt capacitance of 
the voltage probe, the current probe should 
usually be clipped to a lead directly into the 
network, while the voltage probe should be 
on the generator side, not the network side 
of the current probe. 

For passive systems, a check on the meas- 
ured values is the fact that^ij=^ji and 
Nonlinearities are made evident 
by distortion of the sine- wave signal. In the 
liast, distorted current waveforms were dif- 
ficult to detect, but this technique clearl>' 
dispkiys any such effects. 

©1962, Tektronix, Inc. 

AM Rights Reserved 




SLAVING TYPE 560-SERIES SCOPES 



USED INSTRUMENTS WANTED 



In response lo customer interest, Russ 
Fillinger, Project Engineer with the Medi- 
cal-Instrument Development Group has come 
up with a method of slaving one Type 560- 
Series scope to another. Cost is low and 
minor modifications are required on the 
instruments. 

The Master scope must furnish four 
signals to the Slave scope : 

1. Vertical signal (single, dual, or four 
trace) 

2. Sweep sawtooth 

3. Deflection blanking (for sweep re- 
trace) 

4. Transient-spike blanking to CRT 
cathode (for dual-and four-trace 
applications) 

Modifications required on the Master 
scope— ref er to accompanying diagram : 

1. Vertical Sysfon 

A. Plug-in 

(a) Improve transient response 
of internal trigger C.F. )For 
Type 72 remove C487 and 
replace with 1.5 to 7 pf vari- 
able.) 

B. Indicator 

(a) Bring out vertical signal 
from pin 11 of the indicator 
left-side Amphenol con- 
nector (or pin 12 of the 
right-side Amplienol con- 
nector) to the vertical input 
connector of the Slave. 

(b) Bring out chopped transient 
blanking signal from pin 24 
of the indicator left-side 
Amphenol connector to pin 
24 of the left-side Amphen- 
ol connector of the Slave in- 
dicator. (For convenience, 
the first notch on the cer- 
amic strip under the 
suppK- ma}- be used instead.) 

2. Horizontal System 
A. Plug-In 

(a) Patch sweep signal to pin 



24 of right-side Amphenol 
connector (in Type 67 in- 
stall a lead from the cath- 
ode of V333A to pin 24 of 
the Amphenol plug). 

(b) For fast sweeps in Type 67, 
it may be necessary to de- 
crease R138 to compemsate 
for additional capacitive 
loading. 

B. Indicator 

(a) Bring out sweep signal 
from pin 24 of the right- 
side Amphenol connector in 
the indicator to the hori- 
zontal input connector of the 
Slave. 

(b) Bring out sweep blanking 
signal f rom pin 1 3 of the 
right-side Amphenol con- 
nector of the indicator to 
pin 13 on the left-side Am- 
phenol connector of the 
Slave indicator. 

Modifications required on the Slave plug- 
ins are: 

1. Cut tie strap between pins 13 and 
14. 

2. Remove ground strap from pin 24 
(may not be present in early units) 

By^ doing Steps 1 and 2 on both Slave 
plug-ins, 3 'ou make them interchangeable 
from side to side in the Slave indicator. 

Russ ^ used a 561/72/67 for the Master 
and a 561/60/60 for a Slave. The Master 
had a frecpicncy response of approximate! v 
650 kc; the Slave 390 kc. You may wish to 
use a 561A“)9/59 combination for economy. 

Lincarit}' of signal will be approximatelv 
— 6% in 8 cm because w'e are using a single- 
ended sample of the vertical signal from 
the Master. Linearit}^ is dependent on the 
output stage of the Master plug-in. 

You may wish to install connectors on the 
back panel of the indicators. If so, you’re 
cautioned that in this case we limited our 
coax length to four feet. 
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1 Type 121 Harry W. Hammond 
Preamplifier 1095 Arlington Ave. 

Teaneck, New Jersey 

1 Type 310, Phil Boehme 
316, 317 or U.S. Navy Electronics 
321 Oscillo- Laboratorj^ 
scope Code 2623 

San Diego 52, California 

1 Type 531 or Alex Levin 
Type 535 Bureau of Ships 
with a Plug- Code 679C3F 
In Pre- Washington 25, D. C. 
amplifier 

1 Tektronix 5" G. Servos 
crt oscillo- 686 Fairview Avenue 
scope. DC to Elmhurst, Illinois 
10 MC. 

1 TA'pe 502 S. Winston 

104 MS U.C. Medical 
Center 

San Francisco, California 

1 Type 310 or James F. Bockelman 
Type 321 Aircraft Space 
Electronics 
.Apalachicola, Florida 

1 Tektronix Robert E. Jones 
General Pur- 2406 Eastern Avenue 
pose Oscillo- Weslcvville, Pa. 
scope (10- Phone: TW 9-3456 
15 me. 



USED INSTRUMENTS FOR SALE 

1 Type 575 Ortho Industries, Inc. 
Transistor 7-11 Paterson Street 
Characteristic Paterson, New Jersey 
Curve 
Tracer, 
s/n 3565 

Owner says this instrument was used 
only briefly to evaluate 24 transistors. 

Price $800.00 

1 Type 127 Frank G. Carpenter 
Power Assoc. Professor of 

Supply Physiology 

1 Type E Dartmouth Medical School 

Plug-In Unit Hanover, New Hampshire 

1 Type 541 A, Sprague Engineering Co. 
s/n 21509, 18435 Susana Road 

with a Type Compton, California 
L Plug-In 
Unit, s/n 
11618 

1 Type 517, Ian Isdale 
s/n 625. Will 825 Tall Timber Road 
sell or trade Orange, Connecticut 
for either a 
Type 545 A 
or Tj'pe 585 
and cash 
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1 Type 316, 
s/n 187 
1 Type 181, 
s/n 259 

1 Type 517, 
s/n 1680 



1 Type 512 
with flat 
faced crt. 
Price $275. 
F.O.B San 
Francisco 



Dale Brocker 
3008 Lakeshore Avenue 
Apartment 6 
Oakland, California 

John Ivimey 
Room 2001 

1428 South Penn Square 
Philadelphia 2, Penn. 
Phone: LO 3-6531 

S. Winston 

104 MS U.C. Medical 

Center 

San Francisco, California 



MISSING INSTRUMENTS 

The University of Alabama reports a 
Tektronix T 3 q>e 503 Oscilloscope, serial 
number 759, as missing from their Elec- 
trical Engineering Department. They pre- 
sume it to be stolen. Information concern- 
ing this instrument should be sent to : 
Willard F. Gray, Department of Electrical 
Engineering, Universit\^ of Alabama, 
University, Alabama. 

A Tektronix Cl 2 Camera, serial number 
008-980, belonging to the Columbia Univer- 
sit}’ in New York City disappeared from 
the University and is presumed to be stolen. 
Information concerning the whereabouts of 
this camera should be sent to: Tektronix, 
Inc., 840 Willis Avenue, Albertson, Long 
Island, New York. 

Our Chicago Office notifies us that a 
Tektronix Type 310A Oscilloscope is miss- 
ing from the General Electric X-Ray Divi- 
sion in Chicago. This instrument is also 
believed to be stolen. If you have any in- 
formation pertinent to this instrument, please 
notify: Tektronix, Inc., 400 Higgins Road, 
Park Ridge, Illinois. 



QUESTIONS FROM THE FIELD 



Q. When using ni}^ Type 543 at the fastest 
sweep speeds, the trace intensit}^ is not 
uniform because of a 5 -volt dip in the 
unblanking waveform. This intensity 
nonlinearity sometimes makes it difficult 
to take satisfactory photographs of the 
crt display. What will cure this? 

A. Types 533 and 543 after serial numbers 
3000 were modified to overcome this 
problem. You can make the modifica- 
tion to the sweep-gating multivibrator 
in the time-base-generator circuit of your 
instrument. Simph' replace L 133 with 
a strap. Connect an 8 pf , 500 v, ceramic 
(Tektronix No. 281-503) between pin 8 
of V135 and the junction of R133 and 
R134. 



Q. The multivibrator in my 53/54C and 
CA Plug-In Units will not self -start 
when the units are warming up in the 
CHOPPED mode. Plow can I correct 
this problem? 

.A. This problem was solved by a modifica- 
tion installed in C.A units with serial 
numbers above 34790. You can correct 
the condition in CA units below this 
number and in 53/54C units, all serial 
numbers, by adding R3383, a 330 k, w, 
109c, comp, resistor (Tektronix No. 
316-334) between the cathode of V3382* 
(6AL5, pin 5) and +225 v. 

The 6AL5 caused the problem. Its 
cathodes were returned to — 150v 
through a 1.8 megohm resistor located 
in the oscilloscope (via pin 16 of the 
interconnecting plug). This resistor pro- 
vided a current source for the 6AL5 
that tended to balance the multi (V3375, 
1 2 A T 7 ) plates; both hal ve s sa tu rated 
and prevented multi action. The 330 k 
resistor forms a divider that biases off 



the diodes. 

*V3803 in Type 53/54C Units. 

Q. What can I do to correct intensity mod- 
ulation (noticeable at some sweep speeds 
when using low intensity') on my Type 
321 Oscilloscope? 

A. Change C852, an 0.01 /^f, 1000 v, Hicap 
capacitor to an 0.02 /if, 1400 v, DC, Type 
U capacitor (Tektronix No. 283-022). 
Type 32 Ps after s/n 1389 have this 
modification. 



PINPOINTING INFORMATION 
ON POLAROID PRINTS 




Figure 1 

Use a draftsman's thin metal erasing si held 
and an eraser (an electric eraser is ideal 
if you’re lucky enough to have one handy) 
to label or pinpoint information on Polar- 
oid * Land prints. The shield and eraser 
will enable you to erase tii rough the print 
to the underlying white paper. You can 
erase away a portion of the print to form 
an arrow or a space to write in a number 
or a brief description. See Figure 1. 

* Polaroid is a registered trademark of the 
Polaroid Corporation. 
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Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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SAMPLING OSCILLOSCOPES AND TKE 
SLIDE-BACK BALANCED-BRIDGE 
TECHNIQUE 

For those unacquainted with the term 
“sampling oscilloscope”, a brief explanation 
may be in order. 

A sampling oscilloscope measures recur- 
rent waveforms point-by-point in progres- 
sive steps much as you would plot a graph 
of amplitude vs. time with a series of points 
on graph paper. Unlike a conventional 
scope display where one signal completes 
one picture, sampling uses up to 1000 indi- 
vidual amplitude- vs. -time points taken elec- 
tronically. Each point on the plot is called 



a sample. After each repetition of the sig- 
nal the circuit, which samples and measures 
the input waveform, is told to measure the 
next recurrence a small increment of time 
later on the waveform than the preceding 
sample. The process of advancing sampling 
time in regular fixed increments is some- 
times referred to as “strobing”. For each 
increment of strobing, the voltage present 
on the input at that particular instant is 
measured — or as we say “sampled” — and 
simultaneously plotted as vertical deflection 
on the crt. At this same instant the hori- 
zontal motion of the display moves an in- 
crement of time in synchronization with the 
strobing signal. In this manner, a re- 
constructed signal is reproduced on the crt. 




Figure 1 

Basic block diagram of circuitry used in 
the Slide-Sack Balanced-Bridge technique. 



(b) 



(c) 
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Figure 2 

Dot transient response of input circuitry with different loop gains. 



What we see is actually an amplitude- vs. - 
time, point-by -point graph. The recon- 
structed signal is much slower than the 
original signal. Thus, it can be handled 
by conventional, low-speed, high-gain ampli- 
fier circuits. 

Several techniques are available for ob- 
taining the point-to-point measurements of 
the applied recurrent waveform. Of these, 
the Slide-Back Balanced-Bridge technique 
offers certain distinct advantages. These 
are: better accuracy, improved linearity 

and dynamic range, and more effective sup- 
pression of noise — the balanced diode gate 
allows first order cancellation for noise on 
the interrogate spike. 

Three Tektronix Oscilloscopes employ this 
technique in their vertical circuits. They are, 
the Type 661 Pulse Sampling Oscilloscope 
and (when combined with a Type 3S76 
Dual-Trace Sampling Plug-In and a Type 
3T77 Sampling Sweep Plug-In) the Type 
561 A and Type 567 Oscilloscopes. 

Look at Figure 1. It s a basic block dia- 
gram of the circuitry used in the Slide- 
Back Balanced-Bridge technique. It works 
like this : The input signal is applied through 
the 50-ohm delay line to the Sampling Gate. 
(The Sampling Gate is a balanced diode 
bridge which acts as a gate for the signal, 
so you’ll hear it referred to variously as 
the Sampling Gate and as the Sampling 
Bridge. In this article we’ll refer to it, and 
other circuits like it, as gates. When a gate 
is “open”, the signal can pass through ; when 
a gate is “closed”, the signal cannot pass 
through.) 

The waveforms shown in Figure 1 illus- 
trate the operation of the circuit for one 
sample. As >'Ou can see, the entire differ- 
ence signal applied to the input does not 
pass through the Sampling Gate during the 
time it is open. This is due to diode re- 
sistance, circuit capacitances, gate-opening 
duration, etc. The ratio of the signal out 
of the gate to the signal into the gate is 
called the “sampling efficiency.” The wave- 
forms shown are based on a sampling ef- 
ficiency of 25%, which is typical 

Waveform A indicates that the input sig- 
nal has jumped from ground to +1 volt 
since the last sample was taken. Therefore, 
when the Sampling Gate opens, the AC 
Amplifier sees a difference signal of 1 volt. 
However, the AC Amplifier input is able to 
move only 0.25 volt before the gate closes 
again (waveform B). After the gate closes, 
the AC Amplifier input immediately begins 
to return toward zero. The AC Amplifier 
has a gain of minus four, so because its 
input was moved positively 0.25 volt, its 
output swung negatively one volt (wave- 
form C). The Memory Gate is also open 





at this time so this — 1 volt swing is ap- 
plied to the Memory. The Memory is an 
inv^erting Integrator with a gain of one, 
Its output (waveform D) is applied through 
the feedback circuit to the input of the AC 
Amplifier. So this brings the AC Ampli- 
fier input up to +1 volt and it is now 
ready for the next sample to be taken. 

Note that there is some time lag between 
the closing of the Sampling Gate and the 
arrival of the feedback voltage from the 
Memory output, as shown by the slight 
decay in waveform B before Memory out- 
put takes over. This is normal. 

After the AC Amplifier has amplified 
the 0.25-volt step of Waveform B, its out- 
put decays back toward zero. The low- 
frequenc}^ gain of the AC Amplifier is 
low enough that it ignores the relatively 
slow change applied by the Memory at its 
input. 

It can be seen that the gain of the AC 
Amplifier, Memory Gate, Memory Loop 
must be equal to the reciprocal of the sam- 
pling efficiency for the AC Amplifier input 
to be brought exactly to the level of the 
last input .sample. Figure 2 — waveform A 
shows the “dot transient response” of the 
circuit to a step input signal when the loop 
gain is properly set. If the loop gain is 
less than the reciprocal of the Sampling 
Efficiency, the response of the circuit to 
a step input will look like Figure 2 — 
waveform B. At each sample, the AC 
Amplifier input will be brought up only part 
way to the input signal amplitude, and it 
will take several samples before the output 
attains the same level as the input signal. 
Figure 3 — waveform C shows what the 
output will look like if the loop gain is 
too high (by a factor of less than two). 
In this case, the output will overshoot the 
input signal on the first sample, undershoot 
the input signal on the second sample, over- 
shoot on the third, etc., until the amount 
of overshoot and undershoot becomes negli- 
gible and the output settles down to the 
same level as the input. If the loop gain 
is too high by a factor of more than two, 
the output will overshoot and undershoot 
the input by increasing rather than de- 
creasing amounts on each sample. In this 
case, the loop will be driven into saturation 
first in one direction and then the other, 
and there will be no useful output. 

To increase the sensitivity of the unit 
(VOLTS/DTV), we need to increase the 
output of the Memory relative to the input 
signal. This is relatively simple ; we can 
just increase the gain of the AC Amplifier. 
But as mentioned above, this gets us into 
trouble back at the input. So we must at- 
tenuate the feedback signal by exactly the 
same amount as we increase the AC Ampli- 
fier gain. Thus, if we increase the AC Am- 
plifier gain to 20, we’ll get five volts out 
of the Memory for each volt of input signal. 
Then we’ll use a 5X attenuator in the feed- 
back network to keep the proper relation- 
ship across the Sampling Gate. It’s the 5 
volts that goes on into the Vertical Ampli- 
fier to drive the crt, of course. 

Editors Note: Authorship of this article 
can hardly be attributed to any one person. 
Rather, it is the result of the joint efforts 
of the people zvho comprise the Tektronix 



Field Training group. Paul Thompson of 
this group is responsible for the literary 
efforts and the basic discussion is adapted 
from a seminar originated by the Field 
Training people and conducted by their 
Bob Sadilek. 



NEW FIELD MODIFICATION KITS 

TYPE 502 VERTICAL-SIGNAL-OUT 
MOD KIT 

This modification provides a rear panel, 
direct-coupled signal out from each vertical 
amplifier. Output level is approximately 
2 volts for each centimeter of crt deflection. 
Output impedance is 200 12. Installation 
time is approximately 3 hours* for instru- 
ments below serial number 1667 and approx- 
imately 2 hours for instruments above serial 
number 1666. 

Order through your local Tektronix Field 
Engineer or Field Office. Specif}^ Tek- 
tronix part number 040-284. Price $18.50. 

TYPE 507 SILICON RECTIFIER MOD 
KIT — For Type 507 instruments with serial 
numbers 101 through 211, 
and ; 

TYPE 575 SILICON RECTIFIER MOD 
KIT — For Type 575 instruments with serial 
numbers 101 through 4919. 

These modification kits replace the orig- 
inal selenium-rectifier stacks of their re- 
spective instruments with a silicon-rectifier 
assembly. Silicon rectifiers provide better 
reliability and longer life. Approximate in- 
stallation times are 1 hour* for the Type 
507 and approximately 45 minutes* for the 
Type 575. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify : 

For the Type 507 — Tektronix part number 

040-259. Price $25,00. 

Or, 

For the Type 575 — Tektronix part number 

040-223. Price $29.75. 



TYPE RM503 AND TYPE RM504 REAR 
VERTICAL AND HORIZONTAL IN- 
PUT MOD KITS 

Two separate modification kits — one for 
the Type RM503 and one for the Type 
RM50^I — supply coax-cable assemblies for 
adding Vertical and Horizontal Inputs to 
the rear panels of these instruments. These 
rear-panel inputs parallel the front-panel 
inputs and introduce an added input capaci- 
tance. Because of this additional capaci- 
tance, standard passive probes, when used 
with these modified instruments, cannot be 
compensated. 

Installation requires approximately 45 
minutes* for the RM503 and approximately 
30 minutes* for the RM504. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify: 

For the Type RM503, all serial numbers; 

Tektronix part number 040-243. Price is 

$16.00. 

Or, 

For the Type RM504, all serial numbers; 

Tektronix part number 040-272. Price is 
$9.00. 



TYPE 575 INCREASED COLLECTOR 
VOLTS MOD KIT 

Installation of this modification converts 
the Type 575 (all serial numbers) to the 
Type 575MOD122C which provides the fol- 
lowing features: 

a. A maximum Collector Sweep voltage 
of 400 volts (instead of 200 volts), 
rated at 0.5 amperes maximum. 

b. Three (3) more sensitivities (50, 100, 
and 200 volt per division) on the 
HORIZONTAL VOLTS/DIV. switch. 

c. A =h 1.5 kv supply for checking peak 
inverse voltage of rectifiers. The high 
voltage is accessible at the Collector 
Test terminals and the supply current 
is limited by an internal impedance of 
1.8 megohms. 

Note: The output voltage (Collector Ter- 
minal voltage) of the 1.5 kv supply 
varies directly with the line voltage and 
inversely with the load current (i.e., 
at 117 v [235 v] line voltage and zero 
load current of 1 ma, the output volt- 
age is zero). 

This modification requires installation of 
a new front panel (furnished in the kit). 
When ordering the modification kit, please 
give the serial number of the instrument in 
which it is to be installed. We will stamp 
the new front panel with the serial number 
of your instrument before shipping the 
modification kit to you. 

Order through 3 ^our local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-276. Price is 
$200.00. 

* Quoted installation times are for first time 
installations by a trained technician familiar 
with Tektronix instruments. 



MISSING INSTRUMENTS 

During the week end of June 30th, 1962, 
a Type 503 Oscilloscope, serial number 973, 
was apparentlj" stolen from the Chemistry 
Department at Carnegie Institute of Tech- 
nology. This instrument disappeared dur- 
ing the week end and a check of authorized 
personnel failed to reveal its presence. The 
Chemistry Department would like to hear 
from anyone with information regarding 
this instrument. Their address is Carnegie 
Institute of Technology, Pittsburgh 13, 
Ohio. Telephone number is area code 412, 
MAyf lower 1-2600. 

Pennon Electronics, 7500 South Garfield 
Avenue, Bell Gardens, California reports 
the loss of two oscilloscopes: a Type 503, 
serial number 291; and a Type 511 AD, 
serial number 5106. These instruments 
which disappeared about the middle of 
June ’62 are believed to have been stolen. 
Pennon Electronics asks that anyone with 
information on these instruments, please 
contact them at the above address. 

Herbert Gunther, New York Representa- 
tive for the Control Data Corporation called 
our Long Island Field Office to report a 
missing Type 317 Oscilloscope, Tektronix 
serial number not available. However, a 
tag on the front panel of the instrument 
says “CONTROL DATA SN 1883-7363”. 

Mr. Gunther believes this instrument may 
have been stolen. He asks that anyone with 

© 1962, Tektronix, Inc. 
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information on this scope either contact him 
at 160 Rockaway Parkway, Valley Stream, 
New York City, New York — telephone VA 
5-8852, or report their information to the 
Control Data Corporation, 8100 34th Av- 
enue, Minneapolis, Minnesota. 



USED INSTRUMENTS WANTED 



1 Type 535 or Dr. J. F. McNall 
Tj^pe 545 Phoenix Engrg. & Com- 
puter 

7464 Hubbard Avenue 
Middleton, Wisconsin 



1 Type 515 or Tom Hall 
Type 310 Geotechnical Corp. 

P. O, Box 28277 
Dallas 28, Texas 



1 Type 570 Stan Mahurin 

Vacuum- c/o Marine Radio Service 

Tube Berth 73 

Curve Tracer San Pedro, Calif. 



USED INSTRUMENTS FOR SALE 



1 Type 127 Robert Malta 
Power Sup- George A. Philbrick Re- 
ply (for Type searches, Inc. 

A to Z Plug- 172 Clarendon Street 
Ins), s/n 462 Boston, Massachusetts 

1 Type 317, s/n M. H. Schaffner 
314, with Columbus Bank Note Co. 
Type 123 40 East Spring Street 

Preamplifier, Columbus IS, Ohio 
s/n 1054 Phone: 224-2117 



1 Type 536, s/n General Electric Co. 

104 D. Dowell/G. Bedore 

13430 Black Canyon Hwy. 
Phoenix, Arizona 



1 Type 51 3D William Johnson 
31 Waver ly Road 
Wyncote, Penn. 

Phone: TUrner 4-9837 



1 Type 310 Arthur Sommers 

1875 S. Taylor Road 
Cleveland Heights, Ohio 
Phone: area code 216, 
FA 1-2277 



1 Type 514D Chuck Phillips 
Tektronix, Inc. 

11681 San Vincente Blvd. 
West Los Angeles 49, Calif. 
Phone: GR 3-1105 
BR 2-1563 



1 Type 514AD Engineering Associates 
434 Patterson Road 
Dayton 19, Ohio 
Attn: C. C Littell, Jr. 

1 Type 5 17 A A. Lincoln Mekelburg 

with a Type Decisions, Inc. 

500 A Scope- 142 Second Street 
mobile. Both Fall River, Mass, 
in good con- 
dition. Asking 
$2250.00 



SERVICE HINTS 

CONDUCTED OSCILLATOR RIPPLE 
IN TYPE 503/TYPE 504 OSCILLO- 
SCOPES 

Appearance of convertor-oscillator ripple 
at the input of a Type 503 or Type 504, 
when connected to a low-impedance signal 
source, has been traced to a conducted 
ground-loop via the power -cord third wire. 

Type 503’s with serial numbers above 
1385 and Type 504’ s with serial numbers 
above 480 have a factory installed modifica- 
tion to eliminate this ground loop. 

For instruments already in the field, 
Tektronix Field Engineer Frank Elardo 
worked out a simple field modification to 
correct this condition. Simply move the 
ground (green) wire of the power cord 
from its original installation point — the 
ceramic strip by C652 — to the small hole 
in the chassis behind V692 (5642). Use a 4- 
40 self tapping screw (Tektronix No. 
213-035) and a No. 4 solder lug (Tektronix 
No. 210-201), In some early instruments 
this point was used for grounding C692 
A/B and a new screw will not be required. 

To determine whether conducted interfer- 
ence is causing ground-loop problems, dis- 
connect the power-cord ground wire by us- 
ing a three-to-two wire adapter. If the 
adapter eliminates the interference, then the 
ground-relocation modification described 
here should be performed. 

REMOVING PAPER CAPACITOR 
COVERS 

Removing the glued-on paper covers in- 
stalled over the chassis-mounted elec- 
trolytic capacitors in some Tektronix in- 
struments can be quite a chore. Tektronix 
Field Maintenance Engineer Udo Linde- 
nieyer offers a novel approach to the 
solution of this problem. Using a hypo- 
dermic syringe, Udo injects about two cc’s 
of acetone between the paper cover and 
the capacitor can. He makes the injection 
about the middle of the capacitor-cover 
assembly. In about ten minutes, the acetone 
softens the glue and the cover slips off 
easily. Some covers, however, may be glued 
at the top. In these instances it is neces- 
sary to invert the instrument and repeat 
the injection. Udo suggests that to get 
through the tough hide of the cover, try 
cutting the hypodermic needle down to 
about two centimeters and resharpening it. 



TIPS FOR TUBE TAPPERS 

Tektronix District Manager Harvey Worth 
reports that during environment tests, one 
of his customers found that tapping a tube 
with a pencil created up to 400 G's. They 
also found that the tapped tube had only 
1/5 the life expectancy of a tube of the 
same type that was not tapped. 

We suggest that a less destructive w-ay of 
testing tubes for microphonics is to use a 
tool formed from a piece of 34" plastic or 
phenolic rod. By means of a file or grind- 
ing wheel shape the rod as shown in Fig- 
ure 1. When testing tubes for microphonics, 
gently saw the serrated edge of the tool 
back and forth over the tips of the tubes 
while observing the effects. 




ENLARGED UIEW OF 
NOTCHED END 



Figure 3 

You’ll also find that this tool makes a 
handy aid to hold wires and components in 
place while soldering. In addition, it makes 
a dandy non-conducting probe to poke 
around in an instrument when looking for 
loose leads or damaged components. 

EFFECTIVE AIR-FILTER CLEANING 
AGENT 

Tektronix Field Engineer Duncan Doane 
sent us the following information: A cus- 
tomer demonstrated the effectiveness of 
a new (to me) cleansing agent for cleans- 
ing the aluminum air filter on Tektronix 
instruments. He sprayed it on a filter 
choked with dirt, then merely held the filter 
under the hot water faucet. The filter 
came out sparkling! This customer buys 
the agent in gallon cans and transfers it to 
a window- cleaner type .spray bottle, the 
name: Grease Off, Garden Products Cor- 
poration, Two Rivers, Wisconsin. The cus- 
tomer says it is available in Los Angeles at : 
Harvey’s Butchers and Packers Supplies, 
4506 S. Western Avenue, Phone: AXmini- 
.ster 4-8718. Price is $3.85 per gallon. 

TRACE BOWING, POOR REGISTRA- 
TION AND COMPRESSION 

Tektronix Field Engineer Tom Smith 
received a complaint of bowing, poor reg- 
istration and compression in a new T502 
crt. Investigation revealed about 2 mm of 
bowing when the trace was positioned to 
the perimeter of the crt. 

Using a soft rag saturated with Anstac 
“M" *, Tom wiped the face of the crt and 
the graticule to remove the static charge 
and then dried them with a soft cloth. Fol- 
lowing this action, Tom checked the crt 
display with a special geometry graticule 
and found the crt to be good in all respects. 

* Anstac “M" is a product of the Chemical 
Development Corporation, Danverse, Mas- 
sachusetts. We have found it effective in 
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removing the static charges which some- 
times build up on crt's and graticules. We 
recommend it also for removing dirt, grease 
and finger marks from these components. 

6U8A TUBES NOT SATISFACTORY 
AS REPLACEMENT FOR 6BL8 TUBE 

Chassis identification and instruction man- 
uals for several Tektronix instruments 
(Type 503, 504 Oscilloscopes; Type 67 
Time Base Plug-In) have indicated that the 
type 6U8A tube may be substituted for the 
type 6BL8/ECF80 originally supplied in the 
sweep generator circuit (V160 in Type 503 
or Type 504, V161 or V145 in Type 67). 

Recent tests indicate, however, that the 
percentage of presently available 6U8A’s 
that will operate satisfactorily in these cir- 
cuits is extremely low. Tektronix no longer 
recommends this substitution, and refer- 
ences to it on chassis and in manuals will 
be deleted. 



REMINDING YOU — 



. . , that 3 ' our Tektronix Field Engineer is 
your best possible source of information 
pertaining to oscilloscopes, their purchase, 
use, maintenance and repair. 

, . . that you should apply Filter Coat (Tek 
no. 006-580. Price $1. 00/pint) to the filter 
element after cleaning. 

. , . that you should not apply oil to the air 
filter element. 

... that you should oil the fan motor each 
lime 3 'OU clean the air filter. 

. . . that to obtain accurate and reliable 
measurements when using an attenuator 
probe, you must compensate the probe to 
the oscilloscope. (See oscilloscope instruc- 
tion manual). 
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OSCILLOSCOPE PHOTOGRAPHY 
AND FILM STORAGE 

It’s smart business to check the expira- 
tion date of the film you are using when you 
engage in oscilloscope photography. Those 
who attempt to photograph waveform 
phenomena that tax the writing rate of the 
oscilloscope and, or, the film should give 
an attentive ear to this advice. All film, 
packet or individual roll, carries a definite 
date stamped on the box. For best results, 
film should be used before -this date. 

Also, all sensitized photographic materi- 
als are perishable and can sustain damage 
if not properly stored. The following in- 
format io'n appeared originally in the 
^‘POLAROID POINTERS”, a pamphlet 
published by the Customers Service depart- 
ment of the Polaroid Corporation. It should 
be helpful to those who attempt to keep a 
supply of film on hand 




Storage and the Effects of Temperature: 
Excellent pictures can be obtained over a 
wide temperature range. From near freez- 
ing to 100° F, the camera and rolls give 
good results. However, since all sensitized 
photographic materials are perishable and 
can be damaged by high temperature and 
high relative humidity, care should be taken 
to handle and store the film as recommend- 
ed below, with as much protection as pos- 
sible against heat and moisture and away 
from X-rays, radioactive materials, and 
chemical fumes. 



Protection Before Using: The wrappers 
in which all Polaroid Land* picture rolls 
are packaged will provide ample protection 
to withstand, through the expiration date 
printed on the box, normal handling in the 
humidities encountered in most places in 
the U.S.A. This wrapper does not provide 
protection against heat and therefore Polar- 
oid Land picture rolls (and any sensitized 
photographic material, for that matter) 
should not be stored or left near radiators, 
hot pipes or other unventilated areas where 
the temperature may climb. The glove com- 
partment, trunk and back deck of auto- 
mobiles may reach very high temperatures 
(in excess of 200° F) in the hot sun. Ex- 
cessive heat may damage the film, result- 
ing in fogged (or flat and gray) pictures 
or a collection of developing reagent on the 
positive print. 

If you are in the habit of keeping a num- 
ber of picture rolls on hand during the 
summer heat or in tropical areas, it is 
good practice to store your picture rolls 
(unopened) in the refrigerator. VVhere- 
ever possible, store the film under these 
conditions ; 

For Storage Keep Temperature 

Up to — Below — 



2 months 70° F 

6 months 55 °F 

9 months 50 °F 



Generally speaking, there is no low tem- 
perature limit for storing Polaroid Land 
film, and this means that it can be frozen 
(or stored in a deepfreeze) for long periods 
of time. However, before using film that 
has been stored below 60 °F, it must be 
brought back to room temperature before 
opening the foil wrapper. 

If the foil wrapper on a tray of 4x5 
packets has been broken, and only a few 
packets are to be stored under refrigeration, 
wrap the packets in a good brand of alumi- 
num foil — a sandwich -type wrapping with 
the ends firmly closed. 

Protection After Opening: Once tiie 

moisture- vapor-barrier wrapper is opened, 
the picture roll loses its protection against 
moisture. Under humid or high temperature 
conditions, use the roll as soon as practic- 
able and do not allow the roll to remain in 
the camera longer than necessary. Protect 
your loaded camera and picture rolls from 
direct sunlight as the temperature inside 
the camera or the carrying case may rise 
extremely high even when the weather is 
temperate. On long trips through high tem- 
perature regions an insulated container will 
provide protection to your film. 

All type 4x5 film packets can be dam- 
aged by exposure to humidity over 75% 



R.H. at 75° F or above. To provide pro- 
tection, each box of 12 packets includes a 
polyethylene bag. After removing the foil 
wrap from the box, the tray of packets 
.should be immediately inserted in the bag 
and the end of the bag folded over several 
times to seal out moisture. When humidity 
is high, packets should be developed within 
15 minutes after removing them from the 
polyethylene bag. 

Once the protective wrapper is removed, 
care should be taken to keep the film away 
from formaldehyde, industrial gases, motor 
exhausts, solvents, mercury and radiation in 
any form. 

*Polaroid is a registered trade-mark of 
the Polaroid Corporation 



LOCATING TROUBLE IN 
TV COAXIAL CABLES 



John Unruh, Jr., Tektronix Field En- 
gineer with our Orange, California Field 
Office, calls on a company which uses a 
Tektronix Type 317 Oscilloscope to locate 
trouble in a coaxial cable system. This 
company picks up a TV signal on a nearby 
mountain top and relays it into subscribers’ 
homes via this coaxial-cable system. Occa- 
sional a trouble such as an open circuit, 
short circuit or connectors with water in 
them will develop. When this happens they 
can, with the aid of the Type 317, determine 
within a few feet (and sometimes pre- 
cisely) the area of the cable within which 
the trouble lies. This customer happens to 
use a Type 317. However, any Tektronix 
oscilloscope with a passband of 10 me (or 
better) will also accomplish this purpose. 
In fact, the faster the risetime of the oscillo- 
scope the more precisely you can pinpoint 
the difficulty. 

For this application, you connect the + 
GATE of the oscilloscope to the INPUT 
through a differentiating circuit (see Figure 
1). An UHF “T” connector makes a con- 
venient housing for this circuit. The other 




C z is selected far best pulse shape 
R = is as close to the i af the cable 
as possible 



Figure 1 




end of the “T” connector you connect to a 
cable with a predetermined delay time 
(John's customer uses a length of cable with 
a 0.1 microsec delay time). With this hook- 
up, by free running the oscilloscope sweep, 
you produce a pulse on the crt screen. When 
the cable you wish to check is connected to 
the 0.1 microsec cable, any irregularities 
are immediately visible on the screen. Should 
the cable be open, then a positive reflection 
will show on the screen sometime after the 
initial pulse. A short in the cable will show 
as a negative reflection. Connectors used to 
couple sections of cables together will ap- 
pear as a small “bump” similar to a termina- 
tion bump. Any connectors making a poor 
connection or ones with water in them will 
also appear as a bump but will show con- 
siderable more + or — amplitude than 
those produced by normal connectors. 

To determine the distance to the defective 
portion of the cable, you merely determine 
the time between the initial pulse and the 
reflected pulse, being sure to measure in 
microseconds from the start of the rise of 
each pulse. From this total-time-between- 
pulses, subtract the 0.1 microsec of the small 
length of cable used to connect the output of 
the “T” connector to the cable under test. 
Multiply the remainder by the multiplying 
factor for the type of cable under test and 
you have the distance to the fault in feet. 

John’s cirstomer uses the following chart : 

CABLE PROPAGATION MULTIPLYING 



TYPE FACTOR FACTOR 

Solid Poly .66 325 

Foam Poly .82 404 

Styro .89 439 

Styro .90 443 



The multipl 3 dng factor of a given cable 
is determined by multiplying the figure for 
the speed of light (983.5 ft. per /xsec) 
down one foot of the cable by the propaga- 
tion factor of the cable and dividing by two 
since the pulse must travel twice the dis- 
tance to the fault before showing up as an 
echo. John says that according to his figures 
the multiplying figure for solid poly should 
be closer to 320. However, his customer has 
been using this chart for sometime and 
hasn’t been too far off yet. 

When the cable under test is less than 
30 or 40 feet, then an additional hundred 
feet should be inserted. Otherwise, the re- 
flection returns so fast it rides on the top 
of the initial pulse. 

This method is currently being used on 
cables with lengths up to 2,000 feet. Report- 
edly, it may be used on lengths upwards of 
a mile provided the cable is of a low loss 
type. 



THAT OLD BUGABOO “CATHODE 
INTERFACE” 

Tektronix Canada, Ltd. Field Engineer 
Gordon Dickson (Montreal) called on a 
customer to find him struggling with the 
transient response of a Type 545 Oscillo- 
scope. The customer stated that he had 
spent two days in sporadic attempts to 



bring the vertical response of the instru- 
ment within specifications. He claimed that 
each time he endeavored to touch up the 
high frequency peaking and the delay line, 
the transient response showed a change 
from the last time he had worked on it. 

Immediately suspecting the cause of the 
difficulty, Gordon connected the instrument 
to its power source through a variable- 
voltage transformer. A quick check con- 
firmed his suspicions. The customer had 
been battling a condition that no amount of 
tweaking and adjusting would overcome — 
cathode interface. Cathode interface is a 
condition that can develop in the vertical- 
amplifier tubes of ?iny oscilloscope — some 
tubes being more offensive than others. It 
will cause degeneration of all but high fre- 
quency signal components . . . leaving an 
overshoot on the leading edge of fast- rise 
(0.2 /isec or less) squarewaves. 

At Gordon’s suggestion, the customer 
replaced the offending tubes and then 
easily recalibrated the vertical amplifier to 
bring transient response of the instrument 
within specifications. 

In the August 1960 issue of SERVICE 
SCOPE we published an article that dealt 
at some length on this problem of cathode 
interface. Those who maintain a back-issue 
file of SERVICE SCOPE may wish to 
review that article. The title — “Does The 
Square Wave Response of Your Scope 
Look Like ThisT 

If you do not maintain a back-issue file 
of SERVICE SCOPE you can obtain a 
copy of the August 1960 issue by contacting 
your Tektronix Field Engineer or local 
Field office, 

OSCILLOSCOPE LITERATURE RACK 

A DO-IT-YOURSELF PROJECT 

This idea for a literature-holding rack 
(see Figure 1 and 2) comes to us from one 
of our readers, Anthony J. Kalilich of the 
NASA in Cleveland, Ohio. Tony uses this 
rack to hold manuals for easy, ready refer- 
ence during instrument calibration. Fie and 
other engineers at NASA also use it to 
hold their reference data during various 
tests. Having this material off the bench 
but still handily available, tends to mini- 
mize the time spent searching under papers 
and manuals for tools or components. This 
in turn contributes to a more efficient util- 
ization of the engineer or technician’s time. 

Fabrication of the rack requires only 
about 15 minutes of time and most labora- 
tories or maintenance facilities will contain 
the necessary materials. Suggested materials 
are two 10/32 female banana jacks and two 
30” lengths of buss wire or copper-clad 
welding rod. The diameter of the buss wire 
or welding rod should be such that it will 
fit into the female end of the banana jacks. 
About YT' from one end of each wire or rod 
length make a 90° bend. Insert the end of 
the YY section into a banana jack and 
solder it to the jack. Now insert the two 
banana jacks into the two top graticule 
stud bolts of your Tektronix (5"crt) oscill- 
oscope and bend the wire or rod as shown 




Figure 2 



in Figure 1. Solder the two wires or rods 
together at the two points where they cross. 
The degree of the angle thus formed by 
each wire or rod is not critical. However, 
for appearances sake the}^ should match. 
If you solder the wires or rods together 
so that the distance between the two points 
of the two V’s is approximately 18l4", the 
rack will accommodate an opened Tektronix 
instrument manual as shown in Figure 2. 

That’s all there is to it . We thought it 
was quite simple and with only the pictures 
as a guide. 



USED INSTRUMENTS FOR SALE 

Type 524D Oscilloscope, s/n 179. Asking 
$500. Gene Phelps, KPTV, 735 S.W. 20th 
Place, Portland, Oregon. Phone: CApitol 
2-9921. 

Type 310A Oscilloscope, s/n 7142. Price 
$575. Dr. Leonard Rose. 2311 N.W. North- 
rup Street, Portland 10, Oregon. 

Type 310 Oscilloscope, s/n 3350. Mr. La 
Douceur, American Motor Corp., 14250 
Plymouth Road, Detroit 32, Michigan. 
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Type CA Plug-In Unit. Deictron Electron- 
ics Corp,, 850 Shepherd Avenue, Brooklyn 
8, New York. Phone: NI 9-8110. 

Type 105 Square Wave Generator, s/n 5875. 
Price: $325. Type 110 Pulse Generator and 
Trigger Takeoff, s/n 600. Price: $525. Type 
113 Delay Cable, s/n 294. Price: $150. Tj^pe 
N Plug-In Unit, s/n 683. Price: $475. 
Bernard H. Shuman, General Manager, 
Morris Cooper Corp., 3832 Terrace Street, 
Philadelphia 28, Pa. 

Type 122 Preamplifier, s/n 3289. Colonel 
Hoxie, Lind Instruments, 2294 Mora Drive, 
Mountain View, California. Phone: 968-0083. 

Type 180 Time-Mark Generator, s/n 207. 
Landy Garman, National Aeronautical Corp., 
Commerce Drive, Fort Washington, Penn- 
sylvania. Phone: MI 6-2900, xtn. 41. 

Type 517A Oscilloscope, s/n 622. Sam 
Cooper, Rutherford Electronics, 8944 Lind- 
blade Avenue, Culver City, California. 
Phone: UP 0-7393. 

Type 551 Oscilloscope, s/n 369. Type 535 
Oscilloscope, s/n 1173. Tjq)e 53C Plug-In 
Unit, s/n 1143. Engineering Dept., Richard 
D. Brew & Co., 90 Airport Road, Concord, 
New Hampshire. 

Type 533 Oscilloscope, s/n 515. Price: $775. 
Type 53/54E Plug-In Unit, s/n 2090. Price: 
$125. 

Type 53/54C Plug-In Unit, s/n 20261. Price: 
$175. Type RM181 Time-Mark Generator, 
s/n 1034. Has a crystal oven. Price: $195. 
Type 500A Scope-mobile. Price: $70. Cra- 
dle Mount for rack mounting a Type 533 
scope. Price: $20. Miscellaneous small ac- 
cessories including probes, connectors, and 
other small items will be included with the 
appropriate units. Joseph M. Edelman, M. D., 
4550 North Boulevard, 204 Medical Center, 
Baton Rouge 6, Louisiana. 

1 Type 517 Oscilloscope, s/n 161. Price: 
$1500. Needs work. Armond Piscopo, 1546 
Slater Street, Toledo 12, Ohio. 



USED INSTRUMENTS WANTED 

1 Type 124 Television Adapter. Purchasing 
Agent, Owen -Illinois Technical Center, 1700 
N. Westwood, Toledo, Ohio. 

1 Type 575 Transistor Curve Tracer. L. 
Bachhuber, Appleton Mills Co., 614 S. 
Oneida Street, Appleton, Wisconsin, Phone : 
REgent 4-9876. 

2 Type 535 or Type 545 Oscilloscopes. J. R. 
Halchak, E. G. & G., Inc,, 160 Brookline 
Ave., Boston 15, Mass. 

1 Type 531 and 1 Type 533 Oscilloscopes. 
Harry Applebay, 902 West Pedragosa, 
Santa Barbara, Calif. 

1 Type 310 or 310 A Oscilloscope. Steve 
Karapti, National Aeronautical Corp., Com- 
merce Drive, Fort Washington, Penn. 

1 Type 541 Oscilloscope and 1 Type CA 
Plug-In. Joe Gaon, 64-50 229th Street, 
Bay side, N. Y. 



1 Type 531A, Type 533A, Type 541A or 
Type 543 A Oscilloscope, A. R. Shelby, 
President, Production Electronics, Inc., 525 
Lehigh Avenue, Union, New Jersey. 

1 Type 51 5 A Oscilloscope. John Harsh- 
barger. Systems Research Laboratories, Inc., 
500 Woods Drive, Dayton 32, Ohio. Phone: 
CH 4-4051. 

1 Type 531 A Oscilloscope with a Plug-In 
Preamplifier (Type CA preferred). 1 Type 
516 Oscilloscope. 1 Type 524AD Oscillo- 
scope. Charles Hanavich, 712 Grandview 
Drive, Alexandria, Virginia. 



MISSING INSTRUMENTS 




Our Long Island Field Office advises us 
that a Type 533 Oscilloscope, serial num- 
ber 1202, and a Type CA Plug-In Unit 
(serial number not available) are missing 
from the Alternating Gradient Synchrotron 
at Brookhaven National Laboratory, Upton, 
New York. These instruments are the prop- 
erty of the United States Government and 
unauthorized possession of them is a federal 
offense. Officials consider this a serious 
matter and the Federal Bureau of Investi- 
gation has been called in on the case. 

Persons with information on the above 
instrument should contact Mr. Herb Lutz 
at the Brookhaven National Laboratory. 
Telephone number is: area code 516, number 
924-6262, extension 2193. Or, you may con- 
tact the nearest Federal Bureau of Investi- 
gation office. 

Mr. Sternberg, with the Department of 
Entomology at the University of Illinois 
in Urbana, Illinois, reports that his Type 
502 Oscilloscope, serial number 901, disap- 
peared on August 6, 1962. This instrument 
was not in working condition. Suspected 
trouble was a crt or high voltage problem. 
All instrument repair centers and technicians 
are asked to be on the alert should a Type 
502 with these symptoms of trouble be pre- 
sented for repair. 

Mr. Sternberg would appreciate hearing 
from persons with information regarding 
this instrument. They may contact him at 
the address given above. 

The Deer Valley Park plant of General 
Electric Company asks that our readers 



keep an eye out for a Type 535A Oscillo- 
scope, serial number 27884 and two Type 
CA Plug-In Units, serial numbers 41577 and 
45244. These instruments have disappeared 
from this facility and they would like very 
much to recover them. Direct any informa- 
tion you may have on the whereabouts of 
these instruments to the General Electric 
Company, 13430 North Black Canyon High- 
way, Phoenix, Arizona. Attention : C. H. 
Worlock, Mgr., Product Service Admin- 
istration. 



NEW FIELD MODIFICATION KITS 

TYPE 180 TIME-MARK GENERAT- 
OR CRYSTAL OVEN MOD KIT— For 
Type 180 instruments with serial number 
951 to 5000 inclusive. 

This modification installs a temperature- 
stabilized crystal oven in the Type 180. 
Frequency-stability characteristics will be 
improved to three (3) part per million over 
a 24 hour period. Time required for install- 
ation is approximately one and one-half 
hours*. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Tektronix 
part number 040-285. Price : $49.50. 

A previously announced Crystal Oven 
Mod Kit installs a temperature stabilized 
crystal oven in Type 180 Time-Mark Gen- 
erators with serial numbers below 951. For 
this modification order Tektronix part num- 
ber 040-252. Price: $50.75. 

TYPE 532 AND TYPE RM32 OSCILLO- 
SCOPES CHOPPED-TRANSIENT 
BLANKING MOD KIT. All serial num- 
bers. 

Installation of this modification adds 
blanking to the crt cathode to eliminate 
switching transients when using the Type 
53/54C, 53C, CA, or M Plug-In Units in 
the CHOPPED Mode. Time required for 
installation is approximately two and one- 
half hours*. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Tektronix 
part number 040-283. Price: $70.00. 

TYPE 517 AND TYPE 517A THERMAL 
PROTECTION MOD KIT— For serial 
numbers 101 through 1739. 

When installed, this modification pro- 
vides thermal cutouts for both the Indi- 
cator and Power Supply units. In instru- 
ments wired for normal line voltages (i.e. 
105 to 125 v), should the chassis tempera- 
ture reach approximately 137° F, the cut- 
out will turn the affected unit off. The fan 
will continue to operate as an aid to cooling 
the unit to a safe operating temperature. In 
those instruments wired for 210 to 250 v 
line voltages, the cutouts will operate in the 
same manner with one exception — the fan 
will not operate during the cooling off 
period. Time required for installation is 
approximately two and one-half hours*. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Tektronix 
part number 040-291. Price: $58.00. 
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CRT SCREW ALIGNMENT MOD KIT 

This modification provides a more satis- 
factory means for adjusting the crt align- 
ment. A new bracket, with rotator and 
clamp assembly, replaces the old support 
bracket and clamp assembly at the base of 
the crt. This new assembly features a 
finger-operated screw adjustment for easy 
and precise rotation of the crt. Another 
feature is an adjustment to minimize paral- 
lax between the phosphor surface and the 
graticule. Time required for installation is 
approximately 30 minutes*. 

Order through your Tektronix Field En- 
gineer or Field Office. Specify for the 
following instruments Tektronix part num- 
ber 040-292. Price: $475. 



SCOPE 


SERIAL 


TYPE 


NUMBER 


531/531A 


5001-20409 


532 


5001-6519 


533 


101-1469 


535/535A 


5001-21349 


536 


101-1089 


541/541 A 


5001-20469 


543 


101-1249 


545/545A 


5001-22059 


For these following 


instruments, specify 


Tektronix part number 040-293. Price: 
$4.75. 


SCOPE 


SERIAL 


TYPE 


NUMBER 


RM31/RM31A 


101-1059 


RM32 


101-330 


RM33 


101-139 


RM35/RM35A 


101-1229 


RM41/RM41A 


101-1029 


RM43 


101-111 


RM45/RM45A 


101-1199 



TYPE 127 SILICON RECTIFIER MOD 
KIT — For Type 127 Preamplifier Power 
Supplies. 

This modification replaces the selenium 
rectifiers used in the Type 127 with silicon 
diodes. Silicon diodes offer greater reliabil- 
ity and longer life. Time required for install- 



ation is approximately one and one-half 
hours*. 

Two kits, each restricted to a certain 
serial number range, are offered. In order- 
ing, care must be exercised to be sure that 
you order the kit for the serial -number 
range in which >^our instrument’s serial 
number falls. 

Order through your Tektronix Field En- 
gineer or Field Office. For instruments 
with serial numbers 101 through 358, speci- 
fy Tektronix part number 040-217. Price: 
$29.50. For instruments with serial numbers 
359 and up, specify Tektronix part number 
040-282. Price : $34.00. 

*Quoted installation times are for first- 
time installations by a trained technician 
familiar with Tektronix instruments. 

DON’T LET THIS HAPPEN TO YOU 

One of the prime purposes of the Tek- 
tronix Field Office and its Field Engineers 
is to help customers select the instruments 
best suited to their present and future needs. 
To prepare himself for this task, the Field 
Engineer spends at least six months in train- 
ing — at the factory — and returns periodically 
for further training and indoctrination on 
new instruments. 

The following incident illustrates what can 
happen when a customer, not completely 
familiar with Tektronix instruments, places 
an order without availing himself of a Tek- 
tronix Field Engineer’s counsel and advice. 

A certain company makes solenoid -oper- 
ated, fast-response valves for a special ap- 
plication. These valves must open or close 
within several milliseconds of the application 
of current to the solenoid. 

One of this company’s customers sug- 
gested that this response time can be meas- 
ured with a Tektronix Type 551 Dual- 
Beam, Dual -Plug- In Oscilloscope. The com- 
pany ordered one, regrettably not through 
the Tektronix Field Office that should 
serve them. 



When the instrument was delivered, they 
found that they did not have an end-use in- 
strument — they had not ordered Plug-Ins. 

Duncan Doane, of our Encino, California 
Field Office, was the Tektronix Field En- 
gineer finally called on for help. When he 
determined the company’s actual applica- 
tion, he informed them that a less sophisti- 
cated oscilloscope could do the job for them 
and at a considerable savings. He offered to 
take back the Type 551 and replace it with 
a less expensive oscilloscope. 

Possibly to show their appreciation for 
Tektronix efforts to be agreeable and fair, 
the}^ declined the offer. Flowever, they did 
ask Dune if he would advise them on what 
they must do to make the measurement. 

Here was a natural for the Tektronix 
Type Q Transducer and Strain Gage Plug- 
In Unit and Dune so advised them. They 
will use a Stratham P-27 pressure trans- 
ducer with it. To fill in the other vertical 
plug-in compartment of the Type 551, Dune 
suggested a T^-pe A Plug-In unit to monitor 
the current build up through the solenoid. 
They will use. the drop-in-potential method 
across a series resistor. 

Remember, your Tektronix Field En- 
gineer can be your best source of help — be- 
fore, during, and after delivery of your Tek- 
tronix instruments. 



SERVICE HINTS 

VERTICAL DRIFT IN TYPE 503 
OSCILLOSCOPES 

The flange-mounted electrolytic capaci- 
tors C652 and C654 affect the output volt- 
age of the — 12, +^00 +250 volt sup- 

I)lies in the Type 503. These supplies are 
only indirectly regulated. In cases of verti- 
cal drift, not attributable to tubes, try 
cinching down the flange-mounting screws 
of these capacitors. 



A-2143 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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USEFUL INFORMATION FOR USERS OF TEKTRONIX INSTRUMENTS 



NUMBER 17 



NEW TRIGGER-CIRCUIT 
ADJUSTMENT METHOD 

By Paul Thompson 
Tektronix Field Training Department 



We present here a new method of adjust- 
ing the trigger circuits in the Tektronix 
Type 530/540 and Type 530A/540A Series 
Oscilloscopes having a PRESET position 
for the STABILITY control. It is fa.st, 
simple and accurate and requires a mini- 
mum of equipment (a screwdriver, and one 
or two jumper leads). Normally it does 
not require any “adjust this while tweaking 
that for minimum tliis/' It also provides a 
check on the tubes in the circuit. Try it; 
we think you 31 become a convert. 

This method also works on the Tvpe 
316, s/iVs 1298 and up; Types RM16 and 
RS 16, s/n’s 900 and up; Type 317, s/n’s 
900 and up; Type 516, 551, 555, all s/n’s; 
and T>'pe 515A, s/n’s 5309 and up. It will 
not work on a trigger circuit which has 
no Trig. Sens, adjustment. 

In the procedure that follows, the com- 
pletely capitalized terminology refers to 
controls or switches located on the front 
panel of the instrument. Terminology witli 
only the first letter of each wor<l capital- 
ized refers to adjustment controls located 
within the instrument. 

1. Set the PRESET ADJUST by the 
standard method. (Set the TRIGGER- 
ING MODE to AUTO and the TIME 
/CM switch to .1 milli.sec. Set the 
STABILITY to the PRESET posi- 
tion. Set the PRESET ADJUST 
control halfwa}' between the points 
where the trace first appears aiul 
where it brightens.) Position this 
trace to the vertical center of the 
graticule, 3^011’ 1 1 need it there later. 
Leave the STABILITY control in 
the PRESET position for the rest of 
this procedure. 



2. Set the trigger controls to EXT., 
either + or — , and AC. Ground the 
junction of the two resistors in the 
time base trigger circuit as indicated 
in the following chart : 



Oscilloscope Type 
530/540 Series 
530A/540A Series 
551 
555 

316 

317 
515A 
516 



Resistors 
R16 and R17 
R19 and R20 
R19 and R20 
R19 and R20 
R426 and R427 
R426 and R427 
R24 and R25 
R20 and R21 



3. Turn the TRIGGERING LEVEL 
control fully clockwise. You may or 
may not get a trace on the crt screen. 
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In the figure above the arrow points 
to the junction of the two resistors 
and shows the grounding juniper 
referred to in step 2. (Instrument : 
Type 533A. Resistors: R19 and B.20). 

4. Set the Trig. Level Centering adjust- 
ment to the center of the region which 
makes a trace at)pear on the screen. 
(If you can’t get a trace by manipulat- 
ing the Trig. Level Centering adjust- 
ment, the trigger Schmitt circuit is 
not working properly.) 

5. Turn the TRIGGER SLOPE switch 
(TRIGGER SELECTOR on some 
instruments) between + EXT. and — 
EXT. and readjust the Trig, Level 
Centering adjustment, if necessary, to 
get a trace in both the + and — posi- 
tions. If you can’t, the trigger amplifier 
circuit is not operating properly (prob- 
able catfse; a gassy tube). 

6. Set the triggering controls to I NT., 
either or — , and DC. The trace 
will probabU disappear. 

7. Set the Int. Trig. DC Level adjust- 
ment to the center of the region which 
makes the trace appear on the screen. 
This region will probably be very 
narrow. 

8. Remove the grounding strap you con- 
nected in step 2, and position the 
TRIGGERING LEVEl. control until 
the trace reappears. The white spot on 
the knob should then be at or very 
near the top (opposite the “O” on the 
front panel). If it is not, loo.sen the 
Allen set screw in the knob and posi- 
tion the knob jiroperljc 

9. Turn the Trig. Sens, adjustment coun- 
terclockwise until the trace just dis- 
appears and then about 45 degrees 
further counterclockwise. This will 
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provide adequate triggering capabili- 
ties for most uses and will probably 
put the scope within factory triggering- 
specifications. If you want to make 
.sure, go on to steps 10 and 11. 

10. Set the triggering controls to EXT., 
either -|" or — , and AC. Set the AMP- 
LITUDE CALIBRATOR to .2 volts 
and connect the CAL. OUT to the 
vertical INPUT. Set the VOLTS/ 
CM switch to .1 or .05. 

11. Turn the Trig. Sens, adjustment coun- 
terclockwise until the trace disappears 
and then clockwise just far enough to 
get proper triggering in both the 
and — EXT. positions. If the scope 
won't trigger in both the + and — 
positions, touch up the Trig. Level 
Centering adjustment until it does. 

Theory: In step 3, 3^011 are setting the 
trigger Schmitt to free run when the dc 
voltage on its input grid matches its in- 
herent h3'steresis level. In step 4, 3^011 are 
setting this hysteresis level to match the 
dc level of the trigger-amplifier output 
plate with both grids at zero volts. In step 
5, you are checking the trigger-amplifier 
tube for gas under much more rigorous 
conditions than would ever be present in 
normal scope use (one grid to ground 
through 1 meg, the other grid to ground 
through 47 ohms). In step 7, you are set- 
ting the Int. Trig. DC Level adjustment 
to the point where the vertical amplifier 
places zero volts on the trigger-amplifier 
grid when the trace is centered on the 
screen. In step 11, 3-011 are adjusting the 
circuit so that it will trigger on 0.2 volt 
external but not on much less than that. 
(The hysteresis gap closes as the Schmitt 
tube ages; if the Trig. Sens, is set too 
sensitive, you may be adjusting it again 
next week.) 



GREASE^OFF 

In the August ’62 issue of Service Scope 
we referred to an air-filter cleaning agent 
called “Grease-Off”, a product of the 
Garden Products Company of Two Rivers, 
Wisconsin. Several customers have written 
to us or our Field Offices asking for a 
more complete address for this concern. 
Flere it is : 

Garden Products Company 
3914 Monroe Street 
Two Rivers, Wisconsin 
According to Gordon Allison, District 
Manager at our West Los Angeles Field 
Office, the West Coast source of supply 





for Grease-Off is the American Geophysi- 
cal and Instrument Company, 16440 South 
Western Avenue, Gardena, California — 
Phone 321-2634. Also, according to Gor- 
don, we were misinformed as to the price 
of Grease-Off. Correct price is $6.85 per 
gallon not $3,85 per gallon as we stated. 



REMINDING YOU 




. . . that you should not operate your Tek- 
tronix forced-air-ventilation instruments, 
for extended periods, with the side panels 
removed. The panels contain and conduct 
the flow of air for maximum cooling effi- 
ciency. Damage from overheating can occur 
if the instrument operates for extended 
periods of time with the side panels re- 
moved. 

. . . that to ensure an adequate flow of 
ventilating air, we recommend a clearance 
of approximately one foot (sides, top and 
rear) for the instrument. 

. . . that instruments with dirty air filters 
cost you money by causing more down 
time, more maintenance problems, more need 
for replacement parts and a shorter life 
expectancy for the instrument. 

. . . that 3 'oti should clean air filters (see 
vour instrument’s instruction manual or the 
October ’59 issue of SERVICE SCOPE) 
at least every 500 hours of operation — more 
often under difficult environmental condi- 
tions. 



MORE ABOUT PIN POINTING 
INFORMATION ON POLAROID PRINTS 

In an article in the June issue of Service 
Scope, we described a method for pin 
pointing information on Polaroid Land 
Camera prints. We neglected to state that 
the system works well only after the print’s 
surface has dried a couple of minutes or 
more after development, and before the 
preservative coating is applied. 

Quite a few of our readers called this 
oversight to our attention. One of them, 



Mr. William R. Hayes, manager of the 
Electrical Laboratory at JosLm Manufactur- 
ing and Supply Company, offered an alter- 
nate method of adding notes to Polaroid 
prints. 

Here, in Mr. Hayes’ own words, is his 
suggestion : “ — For some years now our 

laboratory has used a faster and simpler 
method of adding notes to Polaroid prints 
that takes advantage of the softness of the 
print’s surface just after development. It 
is so soft in fact, that it is easily scratched ; 
so we scratch out our notes. It is still soft 
enough to scratch for perhaps an hour after 
development. If the print has been coated 
or if it is a long time after development, 
the surface can be scratched easily by first 
wetting it with the print coater. 

The success of this method however, lies 
in the nature of the point used to scribe the 
emulsion. A pin is too sharp and will dig- 
up the surface. A sharpened pencil is too 
rounded. Something between these is best. 
Some experimentation with a whetstone 
and a metal point is necessary. We have 
made a number of scribes by pointing the 
head end of a 6-32 stainless screw and 
inserting the other end into a threaded 
plastic rod about 6 inches long. 

These handy instruments have increased 
our efficiency and accuracy in data record- 
ing by immediately scribing sweep times, 
sensitivities, serial numbers and circuit in- 
formation on the face of the oscillograms.” 

Tektronix Field Engineer Earl Williams 
with our Field Information group suggests 
a third method : In this method you apply 
Snopake to selected portions of the Polaroid 
print. Snopake is a fast-drying correction 
fluid used in Xerography work. It dries 
quickly to furnish a snow white surface 
upon which you may write the required 
information. Be sure that the preservative 
coating has been applied to the Polaroid 
print and allowed to dry tlio roughly before 
using Snopake. 

Snopake is readily available through your 
local business-stationery and office-supplies 
outlet. 



FOR YOUR INFORMATION 

Recently we sent to our Field Offices 
reprints of the booklet “Fundamentals of 
Selecting and Using Oscilloscopes.” This 
booklet contains two articles, “Appraising 
Oscilloscope Specifications and Perform- 
ance” and “Factors Affecting the Validity 
of Oscilloscope Measurements” which ap- 
peared originally in Electrical Design Nezes, 
John Mulvey, Manager of the Field In- 
formation group in the Field Engineering 
Department of Tektronix, Inc., authored 
the articles. 

“Appraising Oscilloscope Specifications 
and Performance” intends to clarify the 
significance of many of the technical terms 
used to describe oscilloscopes. People who, 
being responsible for buying or recommend- 
ing such instruments, feel the need for a 
better understanding of the relative im- 
portance of different features will find this 
article informative. 



“Factors Affecting the Validity of Oscil- 
loscope Measurements,” the second article 
in the booklet, discusses some common 
limitation and application pitfalls which 
apply to cathode-ray oscilloscopes. Some 
easily made performance checks are also 
included. 

Another item of the booklet is a ready- 
reference chart giving the basic specifica- 
tions of most Tektronix oscilloscopes. 

To obtain a copy of this booklet, contact 
your local Tektronix Field Engineer or 
Field Office and ask for “Fundamentals 
of Selecting and Using Oscilloscopes.” If 
you do not know your local Tektronix 
Field Engineer or the address of the nearest 
Field Office, direct your inquiries to: 
Editor, SERVICE SCOPE, Tektronix, 
Inc., P. O. Box 500, Beaverton, Oregon. 
We’ll send you the needed names and 
addresses and see that you receive a copy 
of the booklet. 




We recently received word from our 
Phoenix Field Office that a T\-pe 310 A 
Oscilloscope, s/n 10023, belonging to U. S. 
Semcor is missing. Mr. Porter of U. S. 
Semcor has asked that we request our 
readers to be on the lookout for this instru- 
ment. If you have any information regard- 
ing this Type 310.A, please contact Mr. 
Porter. His address is : U. S. Semcor, 
3504 West Osborn, Phoenix, Arizona, 

* * * 

The Physics Department of the College 
of William and Mary notifies us that a 
Type 503, s/n 000230, disappeared from the 
college last May and is now pre.sumed to 
have been stolen. 

Dr. Melvin A. Pittman, Chairman of the 
Department of Physics, will appreciate 
it if anj’one with information on the where- 
abouts of this instrument will contact him 
or Mr. John H. Long, Assistant Professor, 
Department of Physics. Address your infor- 
mation to either man at the College of 
William and Mary, Williamsburg, Virginia. 

USED INSTRUMENTS WANTED 

1 Type 545 Oscilloscope and 1 Type CA 
Plug-In Unit. George J. Kominiak, 195 
Preakness Avenue, Paterson 2, New Jersey. 

* * 
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1 Type 502 Oscilloscope. Ken Macintosh, 
Lectour, Inc., 4912 Cordell Avenue, Bethesda 
14, Maryland. Telephone OLiver 2-44-77. 

Sj! * * 

USED INSTRUMENTS FOR SALE 

1 Type 511 Oscilloscope (s/n not given). 

J. Greenspan, Process and Instruments Cor- 
poration, 15 Stone Avenue, Brooklyn 33, 
New York. 

* * 

For sale or trade 1 Type 105 Square- Wave 
Generator, s/n 4348. Would consider trade 
for good Frequency Meter to cover Marine 
to Business Radio Band. Dan I. Mooney, 
Communications Equipment Company, P.O. 
Box 35, Handsboro, Mississippi. 

5|C * * 

1 Type 503 Oscilloscope, s/n not given but 
instrument is less than one year old and 
in “mint condition.” Asking $540.00. Bernie 
Markam, Cabinart Inc., 35 Geyser Street, 
Haledon, New Jersey. 

^ Hi: 

1 Type 105 Square Wave Generator, s/n 
2970, Autoelectronics, Inc., Attention: Allan 
Sicks, 6207 Braemore Road, Indianapolis 20, 
Indiana. Telephone CL 3-6100. 

* * * 

1 Type 541 Oscilloscope, s/n not given. A1 
Browdy, KCOP TV, 915 La Brea, Los 

Angeles 38, California. Telephone OL 6- 
6050, Ext. 305. 

* * * 

1 Type 517 Oscilloscope, s/n not given. 

Mr, Osborne, 153-13 Northern Boulevard, 
Flushing, New York. 

^ ^ 

1 Type 502, MOD 407 Oscilloscope, s/n 
5531, complete with accessories and polar- 
ized viewer. Instrument has been used less 
than six months. Asking $825.00. Bob 
Briggs, Geosonic, Inc., Box 22166, Houston 
27, Texas. Telephone: Sunset 2-2250. 

* * 

2 Type 581 Oscilloscopes, s/n’s 163 and 

167. 2 Type 80 Plug-In Preamplifiers, 

s/n’s not given. 1 Type 517A, s/n 1680, 
with a T}^pe 500A Scopemobile. John 
Ivimey, 595 5th Avenue, Ne\v York 17, 
New York. Telephone: PLaza 2-1144. 

jjc sjc ^ 

1 Tyt)e 515 A Oscilloscope, s/n 3979. Web- 
ster Enterprises, 795 Marin Drive, Mill 
Valleys California. 

* 4 = * 

1 Type 512 O.scilloscope, s/n 3317. Ken 
Goodman, Chief Engineer, Engineered 
Electronics, P. O. Box 659, Santa Ana, 
California. 

* * * 

1 Type 561 Oscilloscope, s/n 646; 1 Type 
72 Dual -Trace Amplifier, s/n 409; 1 Type 
67 Time- Base Unit, s/n 719, and 1 Type '201 
Scopemobile. Henry Pethe ridge. Electronics, 
Inc., 2440 Maryland Avenue, Willow Grove 
Industrial Park, Willow Grove, Penna. 
Telephone: OL 9-6666. 

* * * 

1 Type 72 Dual -Trace Plug-In Amplifier 
(no serial number given). Price: $200.00. 
Dr. Dick Tuttle, Masonic Research Lab- 
oratory, Utica, New York. Telephone: 

RE 5-2217. 



“TYPICAL OSCILLOSCOPE CIRCUITRY” 




“. . . Manipulation of the front panel 
controls of an oscilloscope can be learned 
by rote. To use the instrument to its fullest 
capabilities a knowledge of oscilloscope 
circuitry is essential . . .” These words 
help to introduce the reader to a new book, 
“Typical Oscilloscope Circuitry,” published 
b}' Tektronix Incorporated. 

“The purpose of this book,” as the pre- 
face explains, “is to provide a basic under- 
standing of the functioning of those funda- 
mental circuits that appear most often in 
Tektronix instruments. It is aimed at the 
man who maintains and calibrates instru- 
ments. But a knowledge of the information 
that is ill this book will also help the in- 
strument user to appreciate the character- 
istics, performance and limitations of his 
instrument. . . The treatment throughout 
is essentially nonmathematical. Some of the 
most elementary ideas of algebra and 
trigonometry (sine waves) are used. A 
few calculus symbols appear but these are 
applied only graphically and no knowledge 
of calculus operation is needed. The pur- 
pose of using these calculus .symbols is one 
of brevity. . 

We think you will find that the order of 
subject presentation plus the clear, concise 
wording of the subject explanations accom- 
plishes the stated purpose of this book and 
with a minimum of confusion for the reader. 

Price of the book is $5.00. Copies may 
be ordered through your Tektronix Field 
Engineer or local Field Office. Specify 
Tektronix part number 070-253. 

SERVICE HINTS 

SERVICING I-IIGH-VOLTAGE 
POWER SUPPLIES 
Ron Bell, Tektronix Field Engineer with 
our Pittsburgh Field Office, uses this trick 
quite frequently when trouble-shooting the 
high-voltage power supply of Tektronix 
oscilloscopes: He removes the cover from 
the high-voltage supply and inspects the 
filaments of the type 5642 tubes. Should he 
find the filaments of one tube glowing 
brighter than the others, he replaces that 
tube on suspicion. 

The type 5642 tube has a direct heated 
cathode. The filament or heater wires are 
coated with an emitting material and this 
material acts as the cathode for the tube. 
Over a period of time sublimation of this 



material takes place and the cathode emits 
fewer and fewer electrons, finally reaching 
a point where electron emission is too low 
for the tube to function properB^ This low 
emission is one of most common causes of 
faulty performance in these high voltage 
power supplies. 

Ron claims that it takes only a few min- 
utes to whip off the cover and replace a 
faulty tube and it can save hours of frustra- 
tion in trying to trouble-shoot with a meter. 

Other difficulties can develop in the 
power supply that will cause the filaments 
of one or more of the 5642 tubes to glow 
unnaturally. A replaced 5642 tube whose 
filaments continue to glow too brightly in- 
dicates the need for a more thorough 
investigation of the high voltage suppl 3 ^ 
Also, reoccurrence of unnatural filament 
brightness in replaced 5642 ’s after only 
a relatively short period of operation (50 
to 100 hours) suggests tlie need for this 
more comprehensive investigation. 

TYPE 60 AMPLIFIER— INSTRUC- 

TION MANUAL CORRECTION 
Starting with serial number 432, the Type 
60 Plug-In \vas modified to operate V434 
and \'^444 from the regulated dc- filament 
supply, and to delete HUM BALANCE 
control R493. 

Information concerning the modification 
was inadvertently omitted from the Type 
60 Instruction Manual until serial number 
480, when the omission was discovered and 
the manual corrected. 

Owners of Type 60 Plug-In above serial 
number 432 whose manuals do not agree 
with the instruments circuitry ma>' order 
updated schematics. Tektronix number for 
the schematic is 061-374. Order through 
your nearest Tektronix Field Office or 
overseas representative. There is no charge 
for one or two copies. 

TYPE 502MOD104 OSCILLOSCOI^E— 
INCREASING NEON LIFE 
You can extend the life expectancy of the 
“READY” neon in this instrument by re- 
moving the strap, located between the neon 
and ground on the SINGLE SWEEP 
toggle switch, and installing a 27 k, Y 2 watt, 
\0% resistor mounted between the neon 
and the detent plate of the TRIGGER 
SELECTOR switch. 

TYPE 504 AND TYPE RM504 OSCIL- 
LOSCOPE-DECREASING TUBE SE- 
LECTION 

You can decrease the necessity of tube 
selection for V24 in these instruments by 
making the following changes : 

(1) . Remove R26, a 100 k p 2 watt, 10% 

resistor and replace it with a 120 k. 
watt, 1% precision resistor. 

(2) . Remove R28, a 33 k, 1 watt. 10% 

resistor and replace it with a 33 k, 

1 watt, 1% precision resistor. 

This modification applies to Type 504 
instruments with serial numbers below 530 
and Type RM504 instruments with serial 
numbers below 550. Instruments with 
higher serial numbers have this modifi- 
cation incorporated at the factor 3 ^ 
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QUESTIONS FROM THE FIELD 

Q. Fvc had some troulde with a T\-pe 507 
arcing at the crt anode connector. How 
can T correct this? 

A. Sometimes a conductive coating on the 
crt glass and anode button will cause 
the arcing you describe. Try scrubbing 
the anode button and surrounding glass 
area with alcohol or acetone. Check the 
length of tiie anode brush and trim the 
brush if it bows. Twist the brush to 
prevent loose strands, 

Tn rare cases the crt may be rotated 
far enough for arcing to occur between 
button and shield. We’ve been able to 
cure this problem with Corona Dope 
(General Cement No. 47-2 or equi- 
valent). Apply the dope to the inside 
of the shield. Paint a band about 1,5 
inches wide overlapping the seam be- 
tween the light cap and the crt shield. 
.Apply two coats. 

Q. When viewing l-/isec time markers from 
the output of the Type 181 Time-Mark 
Generator, while triggering the scope 
externally with 100-//sec markers from 
the front panel binding post of the Type 
181, we have a spurious pulse of less 
intensity than the main pulse. How can 
we get rid of this spurious pulse? 

A. The pulse is actually very regular, but 
appears spurious when the sweep is trig- 
gered at a repetition rate higher than 
1 kc. Every 10th 100-/isec pulse is load- 
ed by the 1-msec multi, which shifts the 
time position of every 10th 100-/zsec mark 
slightly with re.spect to the others. When 
an occasional sweep is started by the 
“spurious” 100-//sec marker, faster pulses 
will be out of relationship with the 
majority and will appear to be spurious. 
The condition is normal in the Type 181, 
but can be improved by putting a 12 pf 
capacitor across R170, a 22 k, ^2 w, 
10% comp, resistor. 



TYPE 567 TEST SET-UP CHART 




DATA: This is a Type 567 Test Set-Up Chart. It provides a ready means of record- 

ing instrument control settings for any given test or production set up, A 
facsimile of the trace resulting from the set up can be draun on the chart 
graticule or a picture of the waveform attached to the chart. In the "DATA" 
space, where this message to you is printed, special instructions or perti- 
nent information concerning the test or production set up can be recorded. 

Besides the Type 567 Digital Readout Oscilloscope, Test Set-Up Charts are 
also available for the following instruments: Type 502, Type 503, Type 5i»5A 

(with CA, R, or Z Plug-In Units), Type 570 and Type 575 Oscilloscopes. 

Your Tektronix Field Engineer will be glad to give you more detailed infor- 
mation on these Test Set-Up Charts, Why not call him right now? 



HK 001-8260 



TEKTRONIX, INC. 
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Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 



12/62 






NUMBER IB 



INTRODUCTION 

TO 

OPERATIONAL AMPLIFIERS 

Prepared by 

Tektronix field Information Department 
Part 1. 

Functionally speaking, an operational am- 
plifier is a device which, by means of nega- 
tive feedback, is capable of processing a 
signal with a high degree of accuracy lim- 
ited primarily only by the tolerances in the 
values of the passive elements used in the 
input and feedback networks. 

Electronically, an operational amplifier is 
simph' a high -gain amplifier designed to 
remain stable with large amounts of nega- 
tive feedback from output to input. 

General-purpose operational ampli f iers, 
useful for linear amplifications with precise 
values of gain, and for accurate integration 
and differentiation operations, have low out- 
I put impedance and are DC-coupled, with the 
outinit DC level at ground potential. 

The primary functions of the operational 
amplifier are achieved by means of negative 
feedback from the output to the input. This 
requires that the output be inverted (180"^ 
out of phase) with respect to the input. The 
conventional symbol for the operational am- 
plifier is the triangle shown in Figure 1-a. 
The output is the apex of the triangle; the 
input is the side opposite the output. Nega- 
tive feedback, through a resistor, capacitor, 
inductor, network or nonlinear impedance, 
designated “Zf” is applied from the output 
to the input as shown in Figure 1-1). The 
input to which negative feedback is applied 
is generally termed “-input”* or “grid” (in 
the case of vacuum -tiil)e operational am])li- 
fiers) . 

* The operational amplifiers of the Tektronix 
Type O Operational Amplifier also provide 
access to a non-inverting input. Uses of 
this "+input” or ““l-grid” are discussed 
later. 
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Figure 1. Conventional Operational Ampli- 
plifier Symbols. 

(a) The input is to the base of the triangular 
symbol, the output is from the apex 
opposite. The — input and output are 
out-of-phase (arrows). 

(b) Feedback element Z- provides the nega- 
ative feedback to permit high-accuracy 
operations. The amplifier seeks a null 
at the input by providing feedback cur- 
rent through Zf equal and opposite to 
the input current lin. Output voltage is 
whatever is necessary to provide required 
balancing current through Z,-. 

(c) Input element Z; converts a voltage signal 
(Ein) to current, which is balanced by 
current through Zf. 

0 p e ra / i o n a I Am p I ifi er See ks Voltage Null 
at — Input 

An operational amplifier, using negative 
feedback, functions in the manner of a self- 
Ixilancing l)ridge, providing through the 
feedliack element whatever current is neces- 
sary to hold the — input at null (ground 
potential). See Figure 1-b. The output sig- 
nal is a function of this current and the im- 
pedance of the feedl)ack element. 

The — input, held to ground potential by 
the feedback current, ajtpears as a very low 
impedance to any signal source. Using re- 
sistive feedback, for instance, the input ap- 
I)cars to be the resistance of the feedback 
element, divided by the open -circuit gain of 
the oi)e rational amplifier. 
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If current is applied to the — input, it 
would tend to develop voltage across the 
impedance of feedback element, and move 
the — input away from ground potential. The 
output, however, swings in the opposite di- 
rection, providing current to balance the 
input current and hold the — ininit at 
ground. If the impedance of the feedback 
element is bigh, the output voltage must 
become quite high to provide enough current 
to balance even a small input current. 

Input Element Zi Converts Input Signal 
to Current 

Since Ave more often have to deal with 
voltage rather than current signals, an addi- 
tional element is used in most operational 
amplifier applications, designated “Zi” (input 
impedance). This is an impedance placed in 
series witli the —input, converting into 
current that parameter of the input signal 
which we want to appear as voltage at the 
output (Figure 1-c). 

If Zi and Zf are both resistors (Figure 2), 
the operational amplifier becomes a simple 
voltage amplifier, the gain of which is 
-Zf/Zi. 



E In f = R 
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Figure 2 

(a) Operational amplifier using resistors for 
both Ziand Zf becomes fixed-gain linear 

amplifier. Gain is — 

Zi 

(b) “See-Saw" operation of operational am- 
plifier. System appears to pivot about 
a fulcrum (the null point B} whose “loca- 
tion" is determined by Zf/Zi. 



A-2161 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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Let’s examine the mechanism by which 
this works. Referring again to Figure 2, 
we apply a voltage to point A, causing 
current to flow through Zi. Were it not for 
the operational amplifier, this current would 
also flow through Zt and to ground througli 
the low impedance at point C, making Zi 
and Zf a voltage divider, and raising the 
voltage at point B. However, the opera- 
tional amplifier operates to hold the voltage 
at point B (the — input) at ground potential 
To do this, it must supply at point C a 
voltage which will cause a current to flow 
through Zf which will just balance the cur- 
rent flowing through Zi. When point B is 
thus held at ground potential, the voltage 
across Zi is obviously equal to the applied 
voltage at A. 

Outptit Voltage is Input Current X Imped- 
ance of Zf 

The current through Zi is equal to the 
applied voltage at A divided by the im- 
pedance (in this case, resistance) of Zi, or 
Ein/Zi, This same value of current must 
flow through Zf in order to keep point B at 
ground. The voltage at point C, then, must 
be Ei„/Zi (which is the value of the current 
in Zf) multiplied by Zf. The output is in- 
verted (of opposite polarity) from the input, 

so we say that E«ut = 

the voltage gain of this amplifier configur- 
ation is seen to be — ^ . 

Zi 

See-Sazv Op eration 

As indicated in Figure 2-b, the opera- 
tional amplifier with resistive input and 
feedback elements acts in see-saw fashion, 
the amplifier moving the output end of the 
see- saw in response to any motion of the 
input end, causing the sj^stem to pivot about 
an imaginary fulcrum, which is the “sensing 
point” ( — input). The distance from the 
near end to the sensing point or fulcrum 
corresponds to the Zi or input resistor, and 
the distance from the fulcrum to the far end 
corresponds to Zf. The motion of the far 
end depends on the motion of the near end 
and the ratio of the two distances. This 
analogy suggests that the operational ampli- 
fier may be used to solve dynamic problems 
in mechanical engineering, and so it can. 
One of the principal uses of operational 
amplifiers has been in the rapid solution of 
complex mechanical or hydraulic problems 
by means of electronic analogs of mechani- 
cal or hydraulic systems : operational ampli- 
fiers are the basic components of an analog 
computer. 

As rm,y be expected, simple linear voltage 
amplification by precise gain factors is, 
though useful, not by any means the limit 
of the operational amplifier’s capabilities. 

Capacitor as Zi Senses Rate-of -Change 

Remembering that an operational ampli- 
fier with a resistor as a feedback element 
responds with an output voltage equal to 
the product of the input current and the 
feedback resistance, let’s consider what hap- 
pens if a capacitor is used instead of a 
resistor as Zi (Figure 3). 




Operational Amplifier as Differentiator. Out- 
put is proportional to rote-of-chonge of input 



voltage. Eout = 



-dEin 



dt 



X RC. 



The current through a capacitor is propor- 
tional to the rate-of -change of the voltage 
across the capacitor. A steady state DC 
voltage across a capacitor (assuming an 
“ideal” capacitor) passes no current througii 
the capacitor, so no balancing current need 
be furnished by the output to hold tlie 
— input of the operational amplifier at 
ground. The output voltage then, is zero. 

If the voltage at the input is changed, 
however, the change causes a current to 
flow through capacitor Zi. The amount of 
current that flows is directly proportional 
to the capacitance of Zi times the rate of 
change of the input voltage. 

Let’s assume that the potential at point A 
is +100 V DC, and that we change it 
smoothly to +95 v DC in five seconds. This 
represents a rate of change of one volt per 
second, the change taking place over a period 
of five seconds. If the value of Zi is 1 /if, 
then, a current of —1 microampere will 
flow through Zi for those 5 seconds. 

The operational amplifier will cause an 
equal and opposite current to flow in Zf. 
If we select a value of 1 megohm for Zf, 
the one microampere current necessary to 
balance the circuit will require +1 v to ap- 
pear at the output of the operational ampli- 
fier, during the time that 1 /ta current flows 
through the capacitor. 

This operation is differentiation : sensing 
the rate-of-change of an input voltage, and 
providing an output voltage proportional to 
that rate of change. 

The actual relationship of output to input 



is this: Eout = — (RC), where the 

dEi„ ' 

expression indicates the rate of change 

dt 

(in volts per second) of the input signal 
at any given instant, and R and C are Zf 
and Zi respectively. 

In our example, we used a constant rate 
of change, and obtained a constant voltage 
level out. Had the rate been less even, the 
output signal would have demonstrated 
this dramatically with wide variations in 
amplitude. The differentiator senses both 
the rate and direction of change, and is ver\- 
useful in detecting small variations of slope 
or discontinuities in waveforms. 



Differentiator Has Rising Sine li^ave 
Resp onse C ha racteristi c 
In responding to sine- waves, the differ- 
entiator has a rising characteristic directly 
proportional to freciuency, within its own 
bandwidth limitations (see Figure 7). The 
output voltage is equal to (Eh.) ( 27 rfRC), 
and the output waveform is shifted in phase 



by — 90° from the input (the phase shift 
across the capacitor is actually +90°, but 
the output is inverted, shifting it another 
180°). 

Capacitor as Zj Senses Input Amplitude 
and Duration 

If we interchange the resistor and capaci- 
tor used for differentiation, and use a re- 
sistor for Zi and a capacitor for Zf (Figure 
4) we obtain, as might be expected, the ex- 
act opposite characteristics from those ob- 
tained above. While in differentiation we 
obtained an output voltage proportional to 
the rate of change of the input, by swapping 
the resistor and capacitor, the output signal 
becomes a rate of change which is propor- 
tional to the input voltage. 

This characteristic allows us to use the 
operational amplifier for integration, since 
the instantaneous value of output voltage at 
any time is a measure of both the amplitude 
and duration (up to that time) of the input 
signal — to be exact, a sum of all the 
amplitudes, multiplied by their durations, of 
the input waveform since the start of the 
measurement. 

Here’s how integration works : Let's as- 
sume the conditions of Figure 4 (Zi 1 
meg, Zf~l/tf), and an input signal level 
of zero volts. No current flows through 
Zi, so the operational amplifier needs to 
supply no balancing current through Zf. 
Suppose now we apply a DC voltage of 
— 1 V to Zi. This will cause a current of 
— 1 /ia to flow in Zi, and the operational 
amplifier will seek to provide a balancing 
current through Zf. To obtain a steady 
current of 1 /ta through 1 /if, the opera- 
tional amplifier will have to provide a con- 
tinually rising voltage at the output, the rate 
of rise required being 1 volt per second. 
It will continue to provide this rate of rise 
until the input voltage is changed or the 
amplifier reaches its swing limit (“bottoms 
out”), or approaches its open-loop gain. 

Now, this rate-of -rise, though helpful in 
understanding the mechanism by which the 
Operational amplifier performs integration, 
is not the “answer” we seek from an inte- 
grator. The significant characteristics is the 
exact voltage level at a certain time, or after 
a certain interval. 




Operational Amplifier as Integrator. Output 
rote of change is proportional to input 



voltage. 



dEout 

dt 




— 1 
“rc 



/ 



Ein dt. RC in the example here is 1 



second. Output, then, is 1 volt per second 
per volt input, and — most important — the 
output level at anytime is one volt per volt- 
second input. 
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Integrator Holds Final Level Until Reset 
Before the amplifier reaches its output 
limit, suppose we remove the input voltage 
to Zi. The output does not return to ground, 
but remains at the level it reached just be- 
fore the signal was removed. The rate of 
rise has stopped because the necessity for 
providing +1 jtia through Zf to maintain the 
null at the — input has been removed. With 
an ideal capacitor and amplifier, the output 
voltage would remain at the last level 
reached indefinitely, until an input signal 
of the opposite polarity were applied to Zi, 
and a negative -going rate of change at the 
output were required to maintain the null 
at the —input. 

If the positive input signal is greater than 
our original —1 volt, it will take less time 
for the output voltage to reach zero than it 
originally took to rise. If the positive sig- 
nal is smaller, it will take more time. 

The absolute output level of the integrator 
at the end of some interval is the sum of the 
products of all the voltages applied to Zj 
since the output was at zero, times the dura- 
tions of these voltages, that sum divided 
by -RC. 

Interpreting Anszvers Obtained From In- 
tegrator 

The mathematical expression for the out- 
put level reached in a given interval of time 
(To — Ti) is as follows: 




The integral sign indicates that the value 
to be used is the sum of all of the products 
(Ei,i X dt) shown, between the limits (Ti, 
To) noted. The expression “dt” indicates 
infinitely small increments of time. 

It is not necessar>q however, to understand 
and be able to manipulate expressions in in- 
tegral calculus to understand and make use 
of an operational amplifier integrator. 

The integrator provides a voltage output 
proportional to the net number of volt- 
seconds applied to the input. If the total 
volt- seconds of one polarity is equalled by 
those of the opposite polarity, the output 
level at the end of the selected interval will 
be zero. Let’s look at some examples. 



Simple Example of Data From Integrator 
First, we’ll assume the signal we want to 
integrate is a simple one- volt positive pulse 
of one second duration (Figure 5). The sum 
of all voltages times durations between Ti 
and Ts is one volt -second. Using 1 megohm 
and 1 microfarad for Zi and Zf, the opera- 
tional amplifier output will fall at the rate 



of one volt per second 




for one sec- 



ond, reaching — 1 v when the pulse ends, 
and remaining at that level. 



In reading this output level at Tj we know 
that the input signal has amounted to 1 volt- 
second during the interval T, to T-, Note 
also that a later observation, at Tn, gives 
the .same answer, since Fin has been 0 be- 
tween T'j and Tn. 



More Complex Cases 
Now, take the more complicated case of 





Output (In- 
dicates one 
volt-second 
input) 



Figure 5. 

Simple case of integrating 1 -volt-second 
pulse. Integrator does not improve meas- 
urement accuracy in so simple a case. 





-0.3v 





Input Integrator Output 

Figure 6. 

Integrating more complex waveforms to de- 
termine "area under the curve" between Ti 
and T 2 . Note that in (c) the negative portion 
of the input waveform reduces the net inte- 
gral. 



the waveform in Figure 6-a. Its four volt- 
age levels, of different duration, cause the 
integrator output to fall at four different 
rates, reaching a final level representing the 
total number of volt -seconds contained in 
the waveform. It should be apparent now 
that the integrator can measure the total 
volt- seconds contained in even the very com- 
plex waveform of Figure 6-b — something 
that would be difficult to measure by direct 
observation of the waveform. This type of 
operation is often referred to as “taking 
the area under the curve,” since the area 
underneath a waveform plotted against time 
(i.e., the area bounded by Ti, T 2 , the wave- 
form and the line representing 0 volts) is 
the number of volt -seconds involved. Note, 
too, that we needn’t wait for T- to obtain 
a reading: the instantaneous value of Eo.m 



at any time is proportional to the input volt- 
seconds up to that time. 

Using Different Values of R and C 
In the cases we’ve u.sed for illustration, 
RC was 1 (10®xl0“®), and the numerical 
value of the output voltage at the end of the 
integrating interval was the number of volt- 
seconds in the input waveform. Using other 
values of R and C requires some additional 
calculation. To find the actual input volt- 
seconds, multiply the output voltage by 
(— RC). Example: R is 200k, C is .01 /if 
and the output voltage after the selected 
interval is — 2.5 volts. Multipbdng — 2.5 
by (~2 X 10° X 1 X 10"®) gives us 5 x 10-^ 
or 5 millivolt-seconds, positive polarity. Note 
that because of the polarity-reversal in the 
amplifier, we multiply by ( — RC), to obtain 
the proper sign in the answer. 
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M easuring A mpere-S econds (C mil ombs) 

To measure ampere-seconds, Z\ is omitted, 
and the current source is applied directly to 
the — input. The output level readied in a 



given time (Ts ■ 



“ iVx: 



In, dt. 



Integrator Response to -|- and — Signals 
If a waveform to be integrated contains 
both positive and negative polarity portions 
during the integrating interval, the output 
will be proportional to the difference be- 
tween the volt-seconds of each polarity, the 
integrator being an averaging device. If it’s 
desired to add the two polarities instead of 
allowing them to be subtracted, it is neces- 
sary to precede the integrator with an “ab- 
solute-value amplifier” (full wave rectifier) 
which inverts one of the polarities. 



Necessity to '‘ReseN Integrator After T? 

The “integrating interval” (Ti to T-) has 
been mentioned several times. Because we 



frequently deal with repetitive signals; and 
continued integration of a waveform which 
is not perfectly symmetrical with respect to 
zero volts will eventually drive the opera- 
tional amplifier to its output voltage limit, 
it’s desirable to iiave some way of returning 
the output to zero at or after Ti>, the end of 
the desired interval. 

For slow w’ork, a pushbutton which can be 
used to discharge Zf manually is usually suf- 
ficient. Other circuits whicli may he used 
to perform this function automatically are 
shown in the applications section of the 
Type 0-unit manual. Where tlie Integra ting- 
interval is quite short, RC networks may be 
placed around Zf to return the output level 
to 0 V through a time constant much longer 
(e.g., lOOX) than the integrating interval. 

In the Type O Unit, the “Integrator LF 
Reject” switcli-positions perform tliis func- 
tion whenever Zf is set to a capacitive value. 

Since the LF Reject circuit operates con- 
tinually to return the integrator output to 
zero, it is necessary not only to keep the 
integrating interval short wdth respect to 
the LF Reject time-constant, but also to 
measure Eo before it has had a chance to 
decay, wiienever these circuits are used. The 
value of resistors used in the circuit will 
also limit the maximum output obtainable 



for any given amplitude input 



(Max 



Emit 



— , where Rr is the resistance of the 

LF Reject circuit. 



Reset or LF Refect Imperative IV hen 
Zf — C is Small 

U.se of resetting or LF reject circuits is 
usually imperative when small values of C 
are used for Zf, since tlie small amount of 
grid current which flows in the — input 




1 cps lOtpj 300 cps 1 kc 10 kc 100 kc 1 me 10 me 100 me 
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Figure 7- 



grid even in the absence of an input signal 
is sufficient to cause a relatively rapid rise 
in output voltage as the operational ampli- 
fier tries to hold the — input null with bal- 
ancing current through Zf. 



Response of Integrator to Sine IVaves 
For sine waves, the gain of the integrator 
varies inversely with frequency, the actual 



gain being 



-1 



except as limited by the 



2- fRC’ 

open -loop gain (at low frequencies) and 
the open- loop gain -bandwidth product at 
high frequencies (see Figure 7). At low 
frequencies, the gain becomes less than the 
formula would indicate, the effect becoming- 
noticeable at the point where the formula 
indicates a gain of approximately 1/3 the 
open loop gain. At high frequencies, the 
error becomes significant above approxi- 
mately 1/10 of the open -loop gain-band- 
width product. Except as limited above, 
the integrator shifts the phase of the input 
sine wave by -|-90°. 




lidiiors note: The second (and concluding) 
part of this article zvill appear in the April 
’63 issue of SERVICE SCOPE. This sec- 
ond part zvill discourse on the inpzit, 
a feature of sonic operational amplifiers. 
It zaill also discuss limitations of operational 
amplifiers, chief of zvhich are: 

1. Open-loop Gain 

2. Gain-bandnndth product. 

3. Grid current (prunarily of 
concern during integration). 

4. Out put -current and voltage capa- 
bility. 

5 . S ignal-sou rce ii ; ipedance. 



ANODE-CONNECTOR ARCING IN 
THE TYPE 507 OSCILLOSCOPE 

In the December ’62 issue of SERVICE 
SCOPE we suggested a cure for arcing at 
tlie anode connector in the Type 507 Oscil- 
loscope. In a good many instances this 
cure proved effective. ETowever, under dif- 
ficult environmental conditions, arcing may 
persist. Elumidity, altitude, temperature and 
other atmospheric conditions can contribute 
to the i)roclivity of the Type 507 toward 
arcing. This tendency stems from the 20 kv 
present at the anode connector of this in- 
strument. 

Happily, we can now offer a more effec- 
tive solution to tliis problem. A new anode 
connector, (levelot>ed recently by our Instru- 
ment Manufacturing Staff Engineers, ex- 
I libit s a remarkalde ability to resist arcing. 
Tested under severe environmental condi- 
tions tliis connector, in almost every in- 
stance, eliminated or drastically reduced 
an od e - con n c c t o r arcing. 

Type 507’ s with serial numbers above 
418 have this new anode connector installed 
at the fact or \-. Type 507’s with serial num- 
bers 418 and under will readily accept it. 
.A. word of caution here: The silicon rublicr 
cover of (he new connector, although highly 
resistant to arcing is a very easily damaged 
material. It is quite tender, and care must 
lie exercised when installing and connecting 
the connector. Avoid the use of sharp point - 
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ed or edged tools. A hole through the sili- 
con rubber covering destroys the effective- 
ness of the connector. 

The Tektronix part number for this new 
connector is 131-238. Price is $2.50. Order 
through your local Tektronix Field Office 
or Field Engineer. 

SERVICE HINTS 

DIODE REPLACEMENT IN TYPE 503, 
RM503, 504 AND RM504 OSCILLO- 
SCOPES 

Do not use “off-the-shelf” diodes when 
replacing the rectifier diodes (D652, D662, 
D672 and D682) in the power supplies of 
these instruments. If you will refer to the 
power supply schematic for any of these 
instruments you will notice that V620 (a 
6DQ6A tube), the primarj' of transformer 
T620, and part of the secondary of T620 
form an Armstrong oscillator circuit to 
drive T620 at about 25 kc. Recovery time, 
therefore, becomes an important considera- 
tion in selecting these rectifier diodes. 

Not all types of power diodes nor all the 
diodes of any one type have the short recov- 
ery time required in this application. Diodes 
must be checked and only those with the 
required short recovery time selected. Tek- 
tronix part numbers 153-007 and 153-008 
are such selected diodes. You may order 
these from 3^011 r local Tektronix Field Of- 
fice or Field Engineer. For D652 specify 
part number 153-008 and for D662, D672 
or D682 specify part number 153-007. 

TYPE 321 OSCILLOSCOPE SWEEP 
FAILURE AT 10/MSEC AND SLOWER 
SWEEP RANGES 

“No Sweep” at the 10 msec/cm and slower 
sweep ranges in the Type 321 Oscilloscope 
generally indicates failure of holdoff capac- 
itor C180A, a 2 iii, 25 volt electrolytic ca- 
pacitor. Investigation indicates that a cer- 
tain brand of capacitor which we formerly 
used in this application will not give reliable 
service in this circuit. Should you experi- 
ence a failure of Cl 80 A in your Type 321 
Oscilloscope, replace it with a Sprague 2 (li, 
25 volt electrolytic capacitor — Tektronix 
part number 290-121. 

TYPE 575 TRANSISTOR CHARAC- 
TERISTIC-CURVE TRACER AND 
LONG-LEAD TRANSISTORS 

A confusing failure can occur when us- 
ing the Tj'pe 575 Transistor- Curve Tracer 
to check long-lead transistors. The trouble 
may appear to be a failure of the base step 
generator in the Type 575. If you encoun- 
ter this difficulty, check the long-lead tran- 
sistor receptacle l:)efore you blame the T>q)e 
575. Occasionally the receptacle will open 
up internally at the emitter connection and 
cause tlie Tyjte 575 to exhilut symptoms 
indicating failure of the base step generator. 

TY1>E 585 OSCILLOSCOPE FUSE 
FAILURE 

Experience in the field reveals that, in 
some areas, operators of the Tyi)e 585 Os- 
cilloscopes are experiencing excessive fuse 
failure; particularly when using the Type 



82 Dual-Trace or Type 84 Test Plug-In 
Units. 

Prior to the advent of these two plug-in 
units, the Type 585 used a 6 amp fast-blow 
fuse. The current demands of the two new- 
comers are a bit higher than those of pre- 
viously designed plug-in units intended for 
use with the Type 585. At start-up time or 
at high line voltage a Type 585/82 (or 84) 
combination can draw enough current to 
exceed the limitations of the 6 amp fast- 
blow fuse. However, the design of the T\q)e 
585 is such that \-ou may safely substitute 
a 7 amp slow-blow fuse for the original 6 
amp fuse. This will minimize the chances 
of interruption due to fuse failure. 

TYPE 585 Oscilloscope with serial num- 
bers above 4108 are equipped with a 7 amp 
slow-blow fuse at the factory. 



USED INSTRUMENTS FOR SALE 

1 Type 514D Oscilloscope, s/n 1135. In ex- 
cellent condition. Lawrence Gevins, Elec- 
tronic Instruments for Research, 4135 Hay- 
ward Avenue, Baltimore, Maryland, 

^ ^ 

1 RM31A Oscilloscope, s/n 1807. Harry 
Biickalter, Applied Systems Corporation, 
925 East Meadow Drive, Palo Alto, Cali- 
fornia. 

^ * sH 

1 Type 51 7 A Oscilloscope, s/n not given but 
instrument is said to be one year old. Jim 
Shaw, Amelco, Inc., 12964 Panama Street, 
Los Angeles 66, California. 

* ij: 

1 Type 535 Oscilloscope, s/n 368. Earl 

Dahl in. Tally Register Corporation, 1310 
Mercer Street, Seattle, Washington. 

^ 

1 Type 561 Oscilloscope, s/n 577. Fred 

Proctor, Proctor and Associates, Box 471, 
Bellevue, Washington. 

* * 5*; 

1 Type 503 Oscilloscope, s/n not given but 
instrument is approximately two j^ears old. 
Dr. Siegfried Lindena, Electrosolids, 12740 
San Fernando Road North, Sylmar, Calif. 

* * 5^ 

1 Type 524D Oscilloscope, .s/n 1799. Bias 
just had a complete overhaul. Joel Naive, 
2758 Bordeaux, La Tolla, California. Phone: 
GL 4-1314. 

* 5I: ijc 

1 Type 502 Oscilloscope, s/n 3146. M. Lip- 
shut z, Co fax Electronics, 537 Commerce 
Street, Franklin Lakes, New Jersev. Phone: 
FE. 7-6177. 

* * 5t= 

1 Type M Plug- In Preamplifier, s/n 206. 
Used very little. Dr. Ralph Waniek, Ad- 
vanced Kinetics, 1231 Victoria Street, Costa 
Mesa, California. 

* * * 

1 Type 53/54C Plug-In Preamplifier, s/n 
20261. Price: $175.00. 1 Type RM181 Time- 
Mark Generator with crystal oven, s/n 1034. 
Price: $195.00. 1 Tektronix Cradle Mount 
for rack mounting a Type 503 Oscilloscope. 
Price: $20.00. Joseph M. Edelman, M.D., 
4550 North Boulevard, 204 Medical Center, 
Baton Rouge 6, Louisiana. 



1 Type 535 A Oscilloscope with a Type CA 
Plug-In Preamplifier, s/n not given but 
owner says instrument is in new condition. 
Ross Farmer, 3675 Westwood Boulevard, 
Los Angeles 34, California. Phone : VEr- 
mont 8-4753. 

* * * 

1 Type 5 MAD Oscilloscope, s/n not given. 
Engineering Associates, 434 Patterson Road, 
Da3don 19, Ohio. Attn: C. C. Littell, Jr. 

* 5}C 

1 Type 53/54H Plug-In Preamplifier, s/n 
1198. Blake Lloyd, Engineer, Engineering 
Test Department, Metcom, Inc., 76 Lafay- 
ette Street, Salem, Massachusetts. 

sK * * 

1 Type E Plug-In Preamplifier, s/n 003376. 
Used about one year. Bertram Wellman, 
I n St r ument at ion L a b o r a t o r 3' , Da r tniouth 
Medical School, Hanover, New Hampshire. 

* * * 

1 T3q)e M Plug-In Preamplifier, s/n 206, 
(very low mileage). Dr. Ralph Waniek, 
Advanced Kinetics, 1231 Victoria Street, 
Costa Mesa, California. 




Intercontinental Electronics, located on 
Shames Drive in Westbiiry, New York, has 
asked us to report their Type 524D Oscillo- 
scope, serial number 651, as missing and 
presumably stolen. They ask that anyone 
with information regarding this instrument 
contact them, either by mail at the above 
address or by telephone. Their phone num- 
ber is 334-8300 in Westbury, New York. 

, * * * 

The Wisconsin Air National Guard, either 
through theft or misplacement, suffered the 
loss of a Type 545 A Oscilloscope, serial 
number 10661, and a Type 53/54K Plug-In 
Preamplifier, serial number 7048. These in- 
struments disappeared from the air base 
on November 30, 1962. 

Information concerning this oscilloscope 
and plug-in should be directed to Major 
Paul H. Poberezny, Chief of Maintenance, 
Wisconsin Air National Guard, General 
Mitchell Field, 4840 South Howell Avenue, 
Milwaukee 7, Wisconsin, Attn: BMO. 
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USED INSTRUMENTS WANTED 

1 Type 310 or Type 310A Oscilloscope. Leo 
L. Stachowski, P. O. Box 703, Newark, 

Ohio. 

* * 

1 — 3" or 5" oscilloscope. Must have a 
triggered sweep. Condition of instrument 
not important, except that it must be repair- 
able. Will pay up to $300.00 for the right 
instrument. Contact: John M. Hicks, 329 
South Avenue, Pittsburgh, Pennsylvania. 

* * * 

1 Type 524D Oscilloscope. T. Jorgenson, 

KXLY Television, West 315 Sprague Av- 
enue, Spokane 4, Washington. 

1 Type 310A Oscilloscope. Joe Marie, Bron- 
son Instruments, 1643 Lee Road, Room 9, 
Cleveland 18, Ohio. Phone: 216-321-9339. 
* * * 

1 Type 503 or Tj^pe 504 Oscilloscope. Dr. 
James Nicol, Cyronetics Corporation, North- 
west Industrial Park, Burlington, Massachu- 
setts. 



6AG7 TUBE PROBLEMS 

Recent reports from our Field Engineers 
contain a number of complaints regarding 
6AG7 tubes. Drift, compression, micro- 
phonics, interface and hum are the offen- 
sive characteristics complained against. 
These complaints are supported and rein- 
forced in the regular reports of our plant 
calibration personnel. Because of this, we 
requested an evaluation of 6AG7 tubes by 
our Material Evaluation Group. The results 
indicate that the greatest problems are drift 
and compression, which appear to be related 
and the result of the same defect — a weak 
or inactive cathode. 

Fortunately, heating the cathode will in 
most cases activate (or reactivate) it. This 
heating of the cathode is done by raising the 
filament voltage to 18 volts for a period of 
about 30 seconds, with the other tube ele- 
ments floating or the tube biased below cut- 
off. After the tube cools to normal tem- 
perature it is ready for use. Some tubes 
may require two or more such treatments. 

The heating or reactivation of the cathode 
can be readily accomplished on the Tek- 
tronix Type 570 Characteristic Curve 
Tracer. Here is the recommended procedure 
for this application : 

Procedure for Reactivating 6AG7 Cathodes 

Set up the Type 570 as follows: 

I. Plate Sweep Block 

A. PEAK VOLTS to 200 v 

B. SERIES LOAD to 300 

II. Operating Voltage Block 

A. HEATER to 6.3 v 

1. VARIABLE (red knob) to 
10 o’clock (will be adjii.sted 
later) 

B. + DC to 200 V 

1. VARIABLE (red knob) to 
12 o’clock (will be adjusted 
later) 

C. — DC, counter clockwise 



HI. POWER 

A. MAINto OFF 

B. TEST to OFF 

IV. TEST POSITION to OFF 

V. Voltmeter Block 

A. RANGE DC VOLTS to 350 

B. INDICATION to +DC 

VI. Grid Step Generator Block 

A. STEPS/SEC to left 120 

1. STEPS/FAMILY (red 
knob) to 12 o’clock 

B. VOLTS/STEP to .5 

1. START ADJUST (red 
knob), counter clockwise. 

VII. CRT Display Block 

A. VERTICAL MA/DIV. 
(black) to 5 

1. Red knob to plate 

B. HORIZONTAL VOLTS/ 
DIV (black) to 20 

1. Red knob to plate 

C. POSITIONING 

1. VERTICAL to mid range 

2. HORIZONTAL to mid 
range 

VIII. Install 8-pin octal-socket adapter 
plate 

A. Patch pins 1 & 5 to “K” on 
test panel 

B. Patch pins 2 & 7 to HEATER 
jacks 

C. Patch pin 4 to GRID A jack 

D. Patch pin 6 to -J-DC jack 

E. Patch pin 8 to “P” jack 

IX. Install 6AG7 tube and turn on 
MAIN POWER. Position crt 
spot to lower left hand cor- 
ner of graticule. 

A. Turn on TEST POWER 

switch and note a horizontal 
trace of about 10 divisions. 

B. Switch TEST POSITION 

switch to GRID A and note 
a family of curves (see Fig- 
ure 1). 




Figure 1 

6AG7's with weak or inactive cathodes wili 
show excessive retrace lines (see arrow) on 
the top member of a family of curves. 



C. Switch the INDICATION 
control to HTR and adjust 
the VARIABLE (concentric 
with the HEATER control 
and located in the Operating- 
Voltages Block) to give an 
80% reading on the Type 
570’s Volts-DC-and-Heater- 
Volts meter. Switch the IN- 
DICATION control back to 
-(-DC and adjust the VARI- 
ABLE (concentric to the 
+DC control and located in 
the Operating Voltages 
Block) to give a reading of 
150 V on the 350 v scale of 
the Type 570’s Volts-DC-and~ 
Heater- Volts meter. 




Figure 2 

Waveform photo (double exposure) showing 
the Ep — Ig curve of a 6AG7 with a weak 
or inactive cathode; (A) at the instant after 
depressing the ZERO BIAS button and (B) 
at the point of maximum deflection change 
during depression of the button. 

D. While observing the top curve 
push the ZERO BIAS button 
and observe the deflection 
change (if any). If this 
change is greater than one 
minor division on the grati- 
cule, proceed as follows : 

1. Set TEST POSITION 
switch to OFF. 

2. Set POWER, TEST 
switch to OFF. 

3. Disconnect the leads from 
-j-DC and “P” (on test 
panel). 

4. Reset POWER, TEST 
switch to ON and ’ turn 
HEATER control to 25 
and leave there for 25 sec- 
onds (reactiviating time). 

5. Turn HEATER control 
back to 6.3 and wait 15 
seconds. 

6. Set POWER, MAIN 
switch to OFF and recon- 
nect leads disconnected in 
Step 3 above. 

7. Set both POWER 
switches, MAIN and 
TEST, to ON. 
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8. Set TEST POSITION 
switch to GRID A. After 
warm up make check again 
as in Step IX, D. There 
should be no change in 
plate current now. How- 
ever, if there still is a 
change, repeat Steps 1 
through 8 above and this 
time increase the reactivat- 
ing time to 45 seconds. If, 
after this second attempt, 
the tube still exhibits an 
excessive deflection change 
when the ZERO BIAS 
button is depressed, it is 
probabh^ beyond redemp- 
tion and should be dis- 
carded. 

In Part 4 of D, under Step IX, of this 
procedure the load on the filament trans- 
former of the Type 570 is sufficient to 
drop the heater voltage applied to the 6AG7 
to about 17.5 volts. Because of this load we 
recommend that only one 6AG7 be processed 
at a time. 

THE TYPE 130 L-C METER AND 
THE S-30 DELTA STANDARDS 

Some Quest iofis and Ansivers 

Question : In measuring the inductance of 

a coil with a Type 130 L-C Meter, 1 
can increase inductance by inserting a 
core into the coil, but only up to a point, 
then the meter indication suddenly drops 
to zero. What is wrong? 

Answer : Core losses. Many types of cores 
are suitable only for low frequency use, 
and show considerable loss (low Q) at 
the 120-140 kc measurement frequency ot 
the Type 130 L-C. Core loss shows up 
as effective series resistance. The Type 
130 L-C manual (Tektronix part number 
070-231, page 2-4) provides correction 
tables for L measurements witli knozmi 
series resistance up to 40 ohms. When 
series resistance reaches about 75 ohms, 
tlie Q of the entire variable oscillator 
tank circuit has dropped to a level beneath 
that required to sustain oscillation, and 
the meter circuit — unable to follow a 
“difference” frequency of 140 kc — ceases 
to function. Therefore, do not rely on 
the Type 130 to measure coils which owe 
most of their inductance to their cores, 
particularly where the core material is 
intended for low-frequency use. The 
Type 130 is intended primarily for meas- 
uring coils having high Q at 120-140 kc. 

Question: I understand that a S-30 Delta 

Standards can be “certified,” traceable to 
N.B.S. Is this right? 

Answer: Yes. On an order for a new 

S-30, simply request a certificate of trace- 
able calibration. There is no extra charge; 
but, allow extra time. 

Question: Why can’t LI 5 (300 /ih) in the 

S-30 be measured on a bridge? 

Answer : Actually, LI 5 could be calibrated 

on a bridge if you had a bridge which 



operated at 120-140 kc. Most bridges at 
1 kc, however, and most “Q” meters don’t 
provide drive frequencies below 1 Me. 
Since LI 5 has a powdered-iron core, its 
inductance at 120-140 kc will not be quite 
the same as its inductance at 1 kc or 1 Me. 

In addition, shunt capacitance across LI 5, 
representing" perhaps 1/3 of 1% of L15’s 
admittance at 140 kc, will throw a meas- 
urement at 1 Me off by about 20%. 

Question: How does the “Inductance Stand- 
ard! zer,” mentioned in the Type 130 L-C 
manual, work? Isn’t it “circular calibra- 
tion” to use the T>-pe 130 to check its 
own standard ? 

Answer: The Type 130 L-C is used only 
as a frequency source and null indicator 
for adjustment of L15 in the S-30. The 
actual scale calibration of the Type 130 
is not important. What is important is 
that the Type 130’s fixed oscillator be 
within frequency tolerance ( ± M kc or 
± 0.35%). 

The inductance standardizer circuit con- 
sists of two circuits : a capacitor which 
is resonant at 140 kc with 300 /ih, and a 
resistor which has the same resistance as 
the series-resonant circuit of 4310 pf and 
L15 where the}^ are resonant at 140 kc. 

The Type 130 is first adjusted so that 
the variable oscillator produces just 140 
kc (zero beat with the fixed oscillator) 
in the 300 /xh position when looking into 
a circuit which appears to be a (nearly) 
pure resistance of 7.5 ohms at 140 kc. 

The Type 130 is then connected to the 
series circuit of 4310 pf and L15. If 
this circuit is resonant at 140 kc, the 
Type 130 meter reads “zero.” 

If Ll5’s value is too high, the series 
circuit presents an inductive reactance 
to the Type 130, forcing the variable 
oscillator frequency dowm and causing 
the meter to read upscale. If L15’.s value 
is too low, the inductance standardizer 
appears as a capacitive reactance (nega- 
tive inductance) in series with the in- 
ductance of the variable oscillator tank 
coil, forcing the variable oscillator fre- 
quency up. Since the meter circuitry 
reads only the “difference” between the 
fixed and variable oscillator frequencies, 
with out regard to wdiich is higher, an 
increase in variable oscillator f requeue}’ 
also reads upscale on the meter. 

The 100 to 400 fxh inductor across the 
input to the inductance standardizer is 
there to complete the oscillator’s dc grid 
return, which is blocked by the 4310 pf 
capacitor. Since it is in the circuit both 
during the zeroing operation and during 
L15 standardization, its small reactive 
effect across the 7.5 ohm circuit (its 
reactance is 90-350 ohms at 140 kc) has 
no material effect on the oi)eration. A 
low- value resistor here would swamp the 
null, so an inductor is used. 

Question: The 130 L-C manual says to 

use 2% compoitents in constructing the 
inductance standardizer. Will a stand- 
ardizer, so constructed, be adequate to 
hold 1% calibration of L15? 



Answer: No! 2% components will assure 
calibration to only within about 3%. The 
4310 pf capacitor should be made up of 
stable, low-loss units (such as silvered 
micas) bridged out to ±^ 2 %, or closer 
at 1 kc or — preferably — 140 kc. Tolerance 
on the 7.5 ohm resistor is not critcal. The 
inductor can be any convenient value be- 
tween 100 and 400 /ih. 

Question : I’m piping the multivibrator out- 
put from the Type 130 L-C into a highly 
accurate frequency counter in order to 
obtain 0.01% resolution and 0.1% accu- 
racy. The Type 130 seems to drift con- 
siderably with temperature and line 
voltage. Can I put a 140 kc crystal into 
the fixed oscillator circuit? 

Answer: You can, but you’ll wish >^ou 

hadn’t. The tw'o oscillators (fixed and 
variable) in the Type 130 use identical 
transformers and component types so 
they will be self -compensating. Tie one 
of them down “solid” and you increase 
thermal sensitivity and drift by a factor 
of seven or more. 

We designed the Type 130 L-C as a 3% 
device. With careful — and we repeat, 
careful — calibration it will give 1% (of 
full scale) accuracy. No part of its cir- 
cuitry is so far overdesigned as to per- 
mit reliance on it to provide greater ac- 
curacy than the meter gives. We do not 
represent the Type 130 L-C to operate 
except as a self-contained “system.” 

Question: I’m experiencing some difficulty 
in measuring capacitance in a small relay 
assembly on my bench. Even though I 
keep it away from all metal objects, 
“guard” all unwanted contacts and use 
the P93C probe, I obtain two different 
C readings between points X and Y, 
depending upon which side I ground. 
What’s going on? 

Answer: The surface of your bench may 
be slightly conductive, thus forming a 
grounded capacitor “plate” which will 
have more capacitance to the larger or 
less isolated contact. Try slipping your 
Type 130 L-C manual under the relay. 
If this improves your measurements, you 
may want to build an insulated platform 
on which to make your more critical 
measurements ; or, you might consider 
putting the relay into a guarded enclosure. 

A CORRECTION 

Ye Okie Editor misquoted the author, 
Paul Thompson, twice in the article “New 
Trigger- Circuit Adjustment Method,” which 
appeared in the December issue of SERV- 
ICE SCOPE, In step 3 of the article, 
“TRIGGER LEVEL control” should read 
“TRIGGER SENSITIVITY control.” In 
step 10 the second sentence should read 
“Set the AMPLITUDE CALIBRATOR 
to .2 VOLTS and connect the CAL. OUT 
to the EXT. TRIG. inx)ut and to the verti- 
cal INPUT.” 

If 3 ^ou tried this method and ran into 
trouble, give it another whirl. These cor- 
rections will probably clear up the diffi- 
culty. 
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INTRODUCTION 

TO 

OPERATIONAL AMPLIFIERS 

Prepared by 

Tektronix field Information Department 
Part 2 

Use of The -\~lnput 

Many operational amplifiers (including 
those in the Tektronix Type O unit) pro- 
vide access to a non -inverting input, referred 
to as the +grid or + input. A positive- 
going signal injected at this point produces 
a positive-going signal at the output. Con- 
ventional identification of + and — inputs 
is shown in Figure 8. 




(b) 

Figure 8 

identification (a) of -|- and — inputs of 
an operational amplifier. If only one input 
is shown (b), it is always assumed to be the 
— “input. 

If tlie output is connected directly to the 
— input, the operational amplifier becomes a 
non- in verting gain -of -one voltage amplifier 
for a signal applied to the -j-grid, with very 
high input impedance and very low output 
impedance. 

N on-inverting Amplifier Gam > 1 

With less than 100% negative feedback 
(Figure 9), obtained by putting the — input 



Tektronix Instrument-Repair 
A -2172 strument Repair Station near 



APRIL 1963 

PRINTED JN U.S.A. 



on a voltage divider between the output 
and ground, gains of greater than one may 

be realized, the actual gain being — 

or 2 where Ri = Rr. 



r Im Rp z Im 




Gain of Two Using -f-^npuf. Very high 
input resistance {>10^ S2) for signals on 
the order of 1 v amplitude is possible. Other 
values of gain may be obtained using dif- 
ferent ratios of R; and Rf. 

Feedback applied to the + in put from 
the output is positive feedback, which tends 
to raise the input impedance of the + input 
toward infinity as the amplitude of the 
feedback approaches the amplitude of the 
input signal. If the loop gain (feedback 

amplitude compared to signal amplitude) 
exceeds 1 for any frequency, the amplifier 
becomes unstable (negative input resistance) 
and will oscillate at that frequency. If the 
loop gain exceeds 1 at DC, the amplifier 
will swing to its output voltage limit and 
stay there. The -{-input is useful for ap- 
plications combining positive and negative 
feedback, and for use of the operational 

amplifier as an oscillator, waveform gen- 

erator or multivibrator. The + input may 
also be used to provide a balanced or dif- 
ferential input, in which the operational 

amplifier responds onl}^ to the instantaneous 
difference between tlie signals applied to 
the + and — inputs. Other uses are sug- 
gested in the applications section of the 
Tektronix Type O Operational-Amplifier 
ii^struction manual. 



Operational Amplifier Limitations 

In performing linear operations with an 
operational amplifier, it is necessary to rec- 
ognize and allow for the limitations of the 
amplifier and technique used, to obtain ac- 
curate results. The chief limitations are: 

1. Open -loop gain. 

2. Gain-bandwidth product. 

v3. Grid current ( chief h’ of concern dur- 
ing integration). 



4. Output current and voltage capability. 

5. Signal source impedance. 



1. Open Loop Gain 

The accuracy of all operations is ultimate- 
ly limited by the open -loop gain of the 
amplifier, which determines how^ closely the 
amplifier is capable of holding the — input 
null. An amplifier with infinite gain would 
provide a null of exactly 0 volts, and the 
impedance at the —input (using feedback) 
would be exactly 0 ohms. 

With finite gain, the — input does not 
quite null, and does not appear as 0 ohms. 
With an open -loop gain of A*, the — input 

moves times the output voltage swing, 
A 



and appears as an impedance which is 

Zf . - Font 

— . It this voltage swing of 

1 — A A 



is a significant fraction of the input signal 

Zf 

Ei„, or if the impedance ^ ^ is a sig- 



nificant fraction of Zi, there will be a 
definite output signal error in addition to 
the error introduced by the tolerances of 



^Common usage in the analog computer 
field assigns a negative number to the open- 
loop gain between the — input and output 
(and a positive number to the gain from 
the -j-input). Therefore, in calculating values 
from formulas involving A and the — input, 
it is necessary to keep in mind that A is a 
negative number, and the expression 

“1 — A” for instance, when A is — 2500, 
equals ^“2501, not — 2499. 

One simplification has been made in this 
article. Closed-loop gain, commonly expressed 




has been reduceu to: 



L - 

7 P 



1 — 







It may also be 



written — — F ^ ^ 

1 _ 1 

^ A 

this seems to indicate the effect of A on 
accuracy more clearly. 



Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 4/63 




Zi and Zf. The exact value of this error is 




So long as 



Zf 



is small 



and A is large, the error is not serious. 
For instance, using the 0-Unit's operational 
amplifiers (at low frequencies where A ~ 
— 2500) in the simple fixed-gain amplifier 
mode with resistors for Zi and Zf, we see 
that the error for the gain of 1 (Zi = Zf) 

is only 1 — , or less than 0.1%. For 



a gain of 100, however, the error becomes 
1 , or almost 4%. (A gain-cor- 



recting resistor is automatically shunted 
across Zi in the 0-Unit when the internal 
Zi resistor is set to 10 k and Zf to 0.5 or 
1.0 meg. 

Using external components, similar pre- 
cautions should be observed when high 
gain is required). 



Approximate Error Calculation Using C 
for Zi or Zf 



Since easy to assign a single 

impedance value in the error formula for 
Zi or Zf when one of them is a capacitor, 
it is convenient to use the ratio E„ut/Ei„, 
representing the actually obtained voltage 
gain, to conqfute the approximate error. The 
error e is found by this formula : 



£ 




, or, more sim- 



ply, £ 




where A, as be- 



fore, is the open-loop gain, and Eo»t/Ein 
is the actually obtained voltage gain (Don’t 
forget — both A and Eout/Ei„ are negative 
numbers). Example: where A is — 1000 

and the observed Eout/Ein is — 50, the error 
has been 51/1001 or 5.095%. The output 
‘‘ — 50” represents, then, 94.905% of the 
correct value, and the correct value is — 50/ 
0.94905, or almost — 52.7. 

For convenience, you may want to re- 
arrange the terms as shown below, to de- 
termine how large an output signal to allow, 
for a given input and an arbitrarily selected 
maximum error : 



Max Eout 
Ein 



1 - £ (1 ™ A) 



Using the Tektronix Type O Operational 
Amplifier for integration, for instance, to 
keep error due to amplifier gain below 1%, 
the output voltage during or at the end of 
the integrating interval should not exceed 
the average value of the signal being inte- 
grated by more than a factor of 1 — (.01 x 
2501), or — 24, for low frequencies. The 
same limitation should be observed during 
differentiation. 



The minimum open loop gain required 
by an operational amplifier to operate within 
a given error even at “zero” Zr/Zi is 




£ 



pressed as a decimal fraction (.01 = 1%, 
0.1 = 10%, etc.). 

Where Zt/Z\ is a finite number, the min- 
imum open-loop gain required for a given 
maximum error is : 

^ ^ (£ - 1) (1 + Zf/ZQ 

e 

The application of these formulas will be 
most useful in observing gain -bandwidth 
limitations, discussed below. 



2A. Gain-Bandwidth Product : 

The gain-factor A varies with frequency, 
and it’s important to know what the ef- 
fective value of A is for the frequencies 
or signal frequency components being used. 
In the Type O, the gain factor A is con- 
stant (—2500) only to about 1 kc, drop- 
ping off to —1000 at about 15 kc, and 
reaching a value of — 1 at approximately 
15 Me. 

The error introduced by the gain factor, 
then, becomes greater with freciuency, and 
for accurate measurements the allowable 
ratio of E„„t to Ei„ must be reduced as 
higher-frequency information is processed. 

Although the drop in gain at high fre- 
quencies in the open-loop bandwidth char- 
acteristic follows the same pattern as that 
of an integrator, it must be remembered 
that this response is obtained zoithout input 
and feedback elements. The effect of this 
rolloff will add to the effect of the inte- 
grating components, altering their effect. 

At a frequency approximately 1/10 of the 
open-loop gain-bandwidth product, the open- 
loop gain will be insufficient (on the order 
of 10 or so) to provide accuracy better than 
9% even at “zero” closed loop gain, or 
16.7% when Zr/Zi is 1, (i.e., Eout Ein). 
Above 1/10 of the open-loop gain-bandwidth 
product, answers will be only approximate, 
although the data will be useful for fre- 
quencies as high as 1/3 of the open-loop 
gain-bandwidth product. For high-frequen- 
cy work, then, the nominal values of Zr 
and Zi are usually trimmed to compensate 
for gain-factor error and improve functional 
accuracy. 




Variation in open-loop gain after applica- 
tion of signal, for O-Unit. 



2B. Gain-versus-Time Factor — Complex 
Waveshapes : 

In working with pulse and complex wave- 
forms, open-loop gain in terms of frequency 
is not too useful. Instead, the open-loop 
risetime characteristic, Figure 10 (a), may 
be used to determine the time after the 
start of a signal at which the A-factor has 
reached a sufficiently high level to permit 
the desired accuracy. 

Figure 10 (b) shows the A-factor required 
to support a given accuracy at a given at- 
tempted or “virtual” gain (Zf/Zi). 



% 

ERHQR 




Figure 10 (b) 

Nomograph for determining A-FACTOR, 
ERROR and Zf/Zi. Given any two factors, 
the third may be found. (Lay straightedge 
across chart.) 



“Virtual gain” (roughly, Eo»t/Ei.O in the 
case of integration or differentiation is the 
ratio between the RC time constant chosen 
and the time interval involved in the opera- 
tion. 

In the case of integration, virtual gain Gv 



will be Gv 



— t 



where t is the inte- 



grating interval — i.e., that span of time 
during which the integral continues to in- 
crease. The larger the values of integrating 
components, the smaller the virtual gain. 
In the case of differentiation, the virtual 

— RC 

gain will be : Gv = , where t is 



that span of time during which the input 
signal has its steepest slope. The larger the 
values of differentiating components, the 
higher the virtual gain. 

As can be seen from Figure 10 (b), hold- 
ing virtual gain to a value of one or so 
is a good general rule of thumb for ac- 
curate measurements. 



NOTE: It should be kept in mind that 

the values of the interna! 10 pf and 100 pf 
Zf and Zi components of the O-Unit have 
been adjusted under dynamic conditions, 
to compensate partially for the time-depend- 
ent errors indicated in Figure 10 (a). For 
greatest measurement accuracy, standard 
waveforms involving a similar time interval 
and virtual gain as the signal to be meas- 
ured should be used to determine the proba- 
ble measurement error, or to trim the values 
of externa! components to provide direct 
readings for the particular waveform to be 
measured (comparison method). However, 
correction of this sort can be optimized for 
only a limited range of waveforms, and 
cannot extend the operating range of the 
system indefinitely. 
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signals to add external compensation to 
Rf or Ri when these components are used 
in amplification and differentiation. 

Figure 13 illustrates the corrections neces- 
sai' 3 ' to improve operational accuracy- for 
each of the three basic operations. 

Note, however, that except in the case of 
straight amplification (Figure 13a), the 
compensation itself introduces possible errors 
which must be recognized and allowed for 
in interpretation of results. 

Compensa ted A mplifier 

In the case of amplification, selecting 
small values of capacitance (on the order 
of 2-25 pf) for Cl and Cu, the closed-loop 
risetinie can be made to approach the slope 
of the open-loop risetime (Figure 9), pro- 
viding a gain-bandwidth product about equal 
to the open-loop gain-bandwidth product. 
Without compensation, the amplifier ma\' 
typically achieve only 1/20 of this figure. 

C 0 mp ensa fed D ifferer'i f i a t o r 

Without compensation, the differentiator 
(Figure 13b) may respond to a sudden 
change in dEm/dt by overshoot, followed 
by sinusoidal ringing, due to the fact that 
excess output voltage must be developed to 



charge via Rf the input capacitance and the 
distributed stray capacitance of Rf itself, 
as well as provide the current needed to 
obtain a null at the — input. As soon as 
the strays are charged, however, the excess 
current through Rf upsets the null, and the 
output must swing in the opposite direction 
to re-establish the null and discharge the 
capacitance associated with Rf — hence the 
ringing. A small capacitance across Rf 
provides the current needed to establish the 
null at the start of the waveform without 
having to develop excess voltage across Rf. 



differentiator Compensation Limits Initial 
iccuracy 

The presence of this capacitance, how- 
:ver, limits the output voltage maximum 

, -dEi„ Ci 

.0 approximately — . A f ter an 

ibrupt change in the input waveform, then, 

A'hen dEin is small, but X. RC mav 

dt 

::>e quite large, the output voltage limita- 
don of — may result in a signifi- 



cant error. The solution in this case is 
to select a larger value of Ci and smaller 
values for Rf' and C- (keeping the Rf Ci 
time constant the same) to minimize the 
error, and keep its duration as short as 
possible. 

Integrator Compensation Rarely Needed 

Failure of the integrator to start integrat- 
ing at the proper rate at the beginning of a 
fast-rise pulse or after a sharp step in the 
input waveform is usualh^ due largely to the 
distributed stray capacitance to ground in 
Ri. This is infrequent; more commonl}^ the 
error is in the opposite direction because 
of excessive capacitance coupling of the in- 
put waveform around Ri into the — grid 
directly, producing a step of approximately 

— , The first ( — error) waveform 

Cf 

in Figure 13c was obtained by deliberately 
putting a ground plane near the center of 
a 9 megohm Ri and carefully shielding the 
— grid. Removing the ground plane and 
shield produced the third (+error) wave- 
form, using the same input signal (a rec- 
tangular pulse) and components. 

Normally, the “undercompensated” effect 
would only occur when Ri is composed of 



5 







several resistors in series, or when a high- 
value potentiometer is used as, or in series 
with, R[. 

The solution usually is to select a smaller 
value for Ri and a larger one for Cr, to 
maintain the same time-constant. Normally, 
if a signal source is capable of driving a 
large value of Ri with capacitive compen- 
sation, it is also capable of driving a smaller 
value of Ri without compensation. 

Theoretically — as when a potentiometer 
is used in conjunction with Ri — it is pos- 
sible to compensate the RC losses in Ri 
by shunting Ri with a series RC network 
of the proper time-constant, or by using a 
small value of R in series with Cr. In 
practice, these added components usually 
add nearly as many stray-C problems as 
they cure, and “compensation” of this sort 
is not recommended. Compensating with 
simple capacitance across Ri produces a 
“step” error at any abrupt transition, and 
usually an error of greater magnitude than 
the one to be corrected. 

If Ri is a single component, an environ- 
mental “guard” driven by the input signal 
(e.g., a short piece of wire soldered to 
the input end of Ri and dressed near the 
body of the resistor) can make some cor- 
rection, but its use requires more com- 
plete shielding of the — grid and the — grid 
end of Ri. 

Using ''Standard"' Waveforms For Com- 
Paris on 

The use of standard waveforms (pulses 
and ramps) with known parameters, is of 
considerable help in adjusting compensation 
and assuring best accuracy for critical meas- 
urements near the limits of the instrument's 
capabilities. For many purposes, such 
“standard” waveforms may be obtained by 
attenuation of the oscilloscope gate and 
sawtooth output waveforms. Selection of 
time and amplitude parameters close to 
those of waveforms to be measured will give 
best assurance against possible system errors. 

Editor’s note : This concludes the article 

“Introduction to Operational Amplifiers”. 
If you missed Part 1, which appeared in 
the February 1963 issue of Service Scope, 
you can obtain a cop\' of that issue by 
contacting your local Tektronix Field Of- 
fice or Field Engineer. 

BROCHURE FOR 

TYPE O OPERATIONAL AMPLIFIER 
PLUG-IN UNIT 

We have a four-page brochure giving 
the specifications, basic characteristics and 
operations of the Type O Operational Am- 
plifier Plug-In Unit. It also contains typi- 
cal applications and operation information. 

These brochures are available through 
your local Tektronix Field Office or Field 
Engineer. 

USED INSTRUMENTS FOR SALE 

2 CA Plug-In Units, s/n's 13443 and 13444. 
Instruments are one year old and have been 



used less than fifty hours. Asking price is 
$230.00 each. Also, 1 Type 72 Plug-In Unit, 
s/n 474. Asking price is $200.00. Dr. 
Vernon J. Wulff, Masonic Medical Re- 
search Lab., Bleecker Street, Utica 2, New 
York. 

1 T}q)e 517 High-Speed Oscilloscope with 
power supply and Scopemobile, s/n 789. 

1 T}'pe 180-Sl, s/n 666. This Time- Mark 
Generator has a temperature- stabilized crys- 
tal oven installed. R. G. Lee, Litton In- 
dustries, U. S. Engineering Company Divi- 
sion, 13536 Saticoy Street, Van Nu5's, Cali- 
fornia. 

2 Type 517 High-Speed Oscilloscopes, 
s/n’s 388 and 1523. Open for bid. Contact: 
Hal Boven, Advanced Communications, 
16799 Schoenborn Street, Sepulveda, Cali- 
fornia. Telephone: EM 2-0761. 

USED INSTRUMENTS WANTED 

1 Type 53 5 A or Type 545 A Oscilloscope 
with a Tj^pe CA Plug-In Unit. Buyer 
wishes to remain anonymous. Please direct 
your replies to: Tektronix, Inc., 442 Mar- 
ret Road, Lexington 73, Massachusetts. 

1 Type 31 5D Oscilloscope. Scott M. Over- 
street, Sylvan ia EDL, Box 205, Mountain 
View, California. 

1 Type 310 or Type 524 Oscilloscope. 
E. H. Frazier, Phillips Petroleum Company, 
241 Valley Drive, Idaho Falls, Idaho. 

1 Type 500 Series Oscilloscope (prefer a 
low serial numbered instrument). William 
Lind insky, 1623 South 50th Avenue, 

50, Illinois. Telephone: SP 2-0100, ext. 

638 or 652-8449 (home). 




IT A Electronics reports a Type 503 
Oscilloscope, s/n 002236 as missing. Any- 
one with information regarding the where- 
abouts of this instrument should contact 
Stan Freidman, IT A Electronics, Inc., 130 
East Baltimore Avenue, Lansdowne, Penn- 
sylvania. Telephone number is CL 9-8200. 

Someone who believes in doing his scope - 
lifting in an easy manner walked off with 
a Type 533A Oscilloscope, s/n 1131 and a 
Type A Plug-In Unit, s/n unknown. These 
instruments which belong to Fullerton Jr. 
College were sitting on a scope cart (we 
just can’t bring ourselves to mention the 



make — competitor, you know) and the 
culprit or culprits just wheeled the whole 
setup off. Officials at Fullerton Jr. Col- 
lege, which is located in Fullerton, Califor- 
nia would appreciate hearing from anyone 
who has information on the location of these 
instruments. 

While Ted Anderson, Field Engineer with 
our Denver Field Office, gave a talk to 

a night class at the Salt Lake Trade Tech- 
nical Institute in Salt Lake City, Utah, 
car prowlers broke into his car and made 
off with a C12 Camera (s/n 1807) and 

carrying case. Considerable other equipment 
including three demonstrator oscilloscopes 
was in the car. However, a careful check 
showed that the thieves had taken only 

what they apparently considered luggage. If 
you should come across a Cl 2 Camera 

bearing the above serial number, please 
notify your local Tektronix Field Office 
or Field Engineer. 

The Precision Instrument Company of 
3170 Porter Drive in Palo Alto, California 
has asked our help in locating a missing 
and presumably stolen instrument. It is a 
Type 67 Plug-In unit, serial number 298, 
asset number 671. Persons with information 
regarding this plug-in should contact Dan 
Marquess at the above address or telephone 
him at D.A. 1-5615, ext. 311. 



STOLEN SCOPE RECOVERED 

Recently a man brought an oscilloscope 
requiring extensive repairs to one of our 
Repair Centers. He left the instrument 
saying he would call in for our quote on 
the estimated repair charge. 

The Maintenance Engineer in the proc- 
ess of making the estimate, checked the 
instrument’s serial number (a normal pro- 
cedure at our Repair Centers) and dis- 
covered the oscilloscope had been reported 
stolen way back in December of 1958. 

Our Repair Center called the original 
owner to determine if the oscilloscope had 
been recovered and resold in the interim. 
No such luck! It was still unrecovered 
and considered stolen as far as he was 
concerned. Our Maintenance Engineer then 
called the police. 

In the meantime our “customer” called 
the Repair Center to learn the estimated 
repair charge. On being informed of the 
amount, he decided it was too much (we 
purposely quoted an excessively high fig- 
ure), and said he was sending someone 
over to pick up the instrument. The police 
converged on our office, and when the 
man arrived, they picked him up along with 
the instrument and carted both off to the 
police station. 

Subsequent investigation by the police 
revealed other stolen electronic equipment 
on the premises of the would-be owner of 
the stolen oscilloscope. 

The pleasant aspect of the whole affair 
is that the rightful owner recovered his 
scope. He even sent it back to us for the 
needed repairs. 
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fer to go no farther than to say that the 
6BL8 tube can be used in these circuits with 
no apparent disadvantages. 

As this pleased owner remarked, “Maybe, 
if Tektronix instruments weren’t so reliable, 
we’d get a stolen instrument back in less 
than three years.” 



DOUBLING SENSITIVITY 
WITH ALGEBRAIC ADDED 



p 




Five Tektronix Plug-In Units include 
as one of their characteristics the ADDED, 
ADDED ALGEBRAICALLY or A + B 
mode of operation. These units are the Type 
CA, Type 3A1, Type 3A72, Type 3S76 
and the Type 4S1. 

Some operators may overlook the fact that 
by placing both the A and B channels PO- 
LARITY swatches in the same position 
(both -|- or both — ) and connecting sep- 
arate but identical probes from the channel 
INPUTS to the test point on the circuit 
under investigation you can double the 
sensitivity of these Plug-In Units. We’re 
assuming here, of course, that the circuit 
under investigation can stand the additional 
loading caused by the second probe. 

Don’t make the mistake of trying to use 
only one probe and patching the two IN- 



PUTS together. It just won’t work. When 
you do this you in effect parallel the input 
resistor of channel A with the input resistor 
of channel B and thus reduce the input re- 
sistance of both channel A and channel B 
by one half. This reduced input resistance 
will attenuate the incoming signal by ap- 
proximately 50% aand you’re right back 
where you started. 



SERVICE HINTS 

TYPE 72 PLUG-IN UNITS FOR X-Y 
APPLICATIONS 

Type 72 Plug-Ins with serial numbers 
below 1780 require a minor modification if 
you wish to obtain properly “paired” X-Y 
displays when using two Type 72’s with 
Channel A of the right-hand plug-in plotted 
against Channel A of the left-hand plug-in, 
etc. 

You accomplish the modification by in- 
stalling a 15 k, ]/2 watt, 10% resistor par- 
alleled by a 150 pf capacitor between pin 8 
of V593A and pin 18 of the interconnecting 
socket in each Type 72. The two multi- 
vibrators — already synchronized via pins 
3 and 4 — are now “phase- locked” to turn 
off Channels A together. If the Type 72’s 
are to be used in a Type 561 Oscilloscope 
below serial number 580, be sure the cable 
mod kit 040-267 has been installed in the 
Type 561. This modification provides a 
coax between pins 18 of the right and 
left-hand interconnecting socket. 

When using the Type 72’s for X-Y appli- 
cations, set the left-hand Type 72 to the 
CHOPPED mode and the right-hand unit 
to the ALTERNATE mode of operation. 



TYPE 162 WAVEFORM GENERATORS 

If your Type 162 tends to free run in 
the GATED or MANUAL modes, try re- 
placing R5, a 9.1 k, 1 w, 5% resistor with 
an 8.2 k, 1 w, 5% resistor. R5 is located 
in the plate lead (pin 5) of VI (a type 
12AU7 tube) in the regenerative trigger 
circuit of the Type 162. 



FIELD MODIFICATION KITS 

TYPE 561A AND TYPE 561A- 

MOD210C OSCILLOSCOPES 

This modification improves the reliability 
of these instruments by : 

1. Providing protection for the clamp- 
ing and coupling diodes (D838 and 
D839). 

2. Reducing the possibility of crt fila- 
ment damage when measuring the in- 
strument’s high voltage. 

3. Supplying protection for the block- 
ing oscillator transistor in the Type 
3A74 Plug-In Unit. 

4. Removing diode D852. 

5. Circuit changes to improve high- 
voltage regulation. 

The mod is applicable (with some excep- 
tions) to Type 561 A and Type 561A-MOD- 
2 IOC instruments wdth serial numbers from 
5000 to 5789. Some instruments in this 
serial -number range were modified at the 
factory. Before ordering this kit, check 
with your local Tektronix Field Engineer 
to see if your instrument is one of these. 

Order from your local Tektronix Field 
Office or Field Engineer. Specify Tek- 
tronix part number 040-305. Price : $3.65. 



TYPE 531, TYPE 531A, TYPE 535 AND 
TYPE 535A OSCILLOSCOPES — SILI- 
CON RECTIFIERS FOR DC-FILA- 
MENT SUPPLY 

This modification replaces the selenium 
rectifier, SR650, (in the dc filament supply) 
with silicon diodes which offer better relia- 
bility and longer life. 

It is applicable to Type 531 and Type 
531 A instruments with serial numbers 593 
to 7600, Type 535 and Type 535A instru- 
ments with serial numbers 1059 to 8627, 
and instruments of these types (with earlier 
serial numbers) that have had mod 040-097 
installed. 

Order from your local Tektronix Field 
Office or Field Engineer, Specify Tek- 
tronix part number 040-299, Price: $7.50. 
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TRANSISTORS IN DEGENERATIVE FEEDBACK COMBINATIONS 

By 

Jack Rogers and Norm Winningstad 
Project Engineers for Tektronix, Inc. 



“Gain” in the vernacular of electronics is 
a loose term ; generally understood (unless 
otherwise stated) to mean “voltage gain.” 
Another common meaning is “power gain” 
and another, though less common meaning 
is “current gain.” If we generali 2 e “gain” 
to “transfer,” we can then include “voltage- 
to-current” gain (transadmittance), and 
“current-to-voltage” gain (transimpedance) . 
These symbols will then apply: Tv (voltage 
transfer or “gain” e„/ein) ; Ti (current 
transfer or gain”, io/ihi) ; Ty (transadmit- 
tance or voltage- to- cur rent “gain”, io/ci,,) ; 
Tz (transimpedance or cur rent- to- voltage 
“gain”, Go/Un) ; and Tp (power “gain”). 

For example, an amplifier whose transfer 
is Tz = is a transimpedance type of 
amplifier. It recpiires a current input and 
gives a voltage output, the value of whicli 
is determined bv multiplving the input cur- 
rent by W. 

Table 1 summarizes the four possible 
wa\^s to arrange voltages and currents as 
inputs and outputs for tliese three- port de- 
vices. 

A practical example of the considerations 
in Table 1 is in the case of a low voltage 
source remotely located from a voltage 
sensitive load. A preamplifier is desirable 




FIGURE 1 



at the source before transmitting the signal 
to the output amplifier. Flere one could 
use a voltage preamplifier and a voltage 
output amplifier: (ei. is the transmission 

line voltage) Tvi x Tv- = eL/ei„ x e.,/eL ~ 
e.>/ein. Or, one could also use a transadmli- 
tance preamplifier and a transimpedarice 
output amplifier: (ii. is the line current) 

Ty X Tz = iL/Ch. X Co/ir = eo/ei,,. Which 
system is best — Tvi x Tvs or Ty x Tz? Fig- 
ure 1 illustrates the above problem. 



Although either will do the job well, first- 
order signal-to-noise ratio or power con- 
sumption may be important. If the trans- 
mission line suffers mainly from magneti- 
cally-induced noise voltages, then the Ty x 
Tz combination will prove best — the high 
output impedance of the transadmittance 
preamplifier will not allow the magnetically- 
induced voltages to produce a current which 
could affect the current-sensitive input of 
the transimpedance output amplifier. If, on 
the other hand, the transmission line suffers 
mainly from electrostatically-induced noise 
currents, then the Tvi x Tvs combination 
will prove best — the low output impedance 
of the voltage preamplifier will not allow 
the induced currents to develop a voltage 
which would effect the voltage-sensitive 
input of the output voltage amplifier. 

Another example is a remotely located 
current source of pulses which must be 
amplified with reasonable fidelit}^ Here the 
capacity of a transmission line usually re- 
(luires a terminated mode of operation to 
avoid both reflections and capacitive load- 
ing. A large resistor (compared to Z«) at 
the current source and a gain-of-one line 
driver would work. Flowever, it would re- 
quire large amounts of power to drive the 
line termination to the large output voltage. 
A better method would be to use a low in- 
put impedance amplifier (such as the trans- 
impedance or the current amplifier types) 
with an appropriate series resistor to termi- 
nate the cable and use the large resistor 
in the output feedback position. This re- 
duces the power requirements considerably 
and places the amplifier back at the load. 
The signal-to-noise ratio is considerably 
better than if the cable were simply termi- 
nated at the load, and then a voltage or 
transadmittance amplifier was used. Figure 
2 illustrates four cases. 

In considering transistors as degenerative 
feedback “singles” — that is, a single tran- 
sistor used to perform transfer with either 
internal or external feedback — Table II 
summarizes the four useful possibilities. 



Input 


Output 


Name 


Signal 


Impedance 


Signal 


Impedance 


And Symbol 


Voltage 


High 


Voltage 


Low 


Voltage Gain eo/cin ~ Tv 


Current 


Low 


Current 


High 


Current Gain io/iin = T; 


Voltage 


High 


Current 


High 


Transadmittance io/m — Ty 


Current 


Low 


Voltage 


Low 


Transimpedance Co/in = Tz 



TABLE 1 
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Zo is less than R, A is greater than Ro/Zo 
except in (a) 

p 

Co — iln R Po = iln^ R X 

Zo 




Output power requirement large, good signal/ 
noise 



(a) 




, R 

Po = iin" R y _ 

Zo 

Lower power output required, reasonable sig- 
nal/noise with currents to lO"* amps and nega- 
cycle bandwidth. 




eo == "iln^ R Po — \ In R 4- 1 



Pin 0 Ip ^ cc 



Output power requirement largest, good signal/ 
noise 

(b) 




Rj R 2 — R, R 2 — Zo, Ri — R 4" Zo, 

eo = iin R Po = i:n^ R 




Same power as (c), but signal/noise difficult 
with small current. 



(c) 



FIGURE 2 



(d) 



Circuit Example 


Transfer 


Good 


Bad 


0 

®in ^ 




Transadmittance 

(1) Ty =-V- 

R 

High input Z 
Low output Z 


High output Z 
High input Z 


Transfer oc dependenf 


bn 


1 

t: 


0 

L 


Transimpedance 
(2) Tz = -R 
Low input Z 
Low output Z 


Low input Z 


Loop gain strongly 
load dependent with 
Rl < R. 


®in 




0 


Voltage gain 
(3) Tv l 

High input Z 
Low output Z 


Low output Z 
High input Z 


Input impedance 
load dependent 


0 — ^ 
'in < 


/ — ° 


Current Gain 
(4) Ti 1 

Low input Z 
High output Z 


Low input Z 
High output Z 


Transfer oc dependent 



TABLE II 



Transistors considered as degenerative 
feedback pairs are more numerous and more 
flexible, in that current and voltage gains 
nvdy be greater than 1. Table III lists all 
possibilities in descending order or useful- 
ness, by type (voltage, current, admittance, 
or impedance transfer). 

Note that Ti can be converted to a T/. 
by the use of a known load resistor. Sim- 
ilarly a Ty can be converted to a Tv. Then, 
Ti can be converted to Ty, and Tz to a 
Tv by placing a known resistor in series at 
the input (source Z assumed to be low). 
Again, a Tv converts to a Ty and a Tz 
to a Ti when a known resistor is placed 
in series with the output (load Z assumed 
low). And finally, a Tv converts to a Tz 
and a Ty to a Ti when a known resistor 
is placed in shunt with the input (source Z 
assumed high). Table IV presents the above 
information in chart form. 

Going beyond transistor pairs is difficult, 
if high loop gains are desired. This is due 
to Nyquist troubles mainly associated with 
the transistors themselves. The most easily 
successful transistor triplets involve the ad- 
dition of an emitter follower to one of the 
existing listed pairs. Usually the emitter 
follower is added to example 1, 3, 8, 9, or 
10 (Table III) to lower the output im- 
pedance; or, added to the input of 2, 3, or 
12 to increase the input impedance (also 
provides temperature compensation for 2 
and 12). 

We hate to be old fashioned, but we are 
compelled for completeness to point out that 
the foregoing applies also to (you should 
pardon the expression) “vacuum tube”* 
amplifiers. 

* Flemming Valves 
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TABLE m 








Known resistor 
used In: 


Source Z 


Converts 






Ti 


Tz 


Ty 


Tv 


Load 












Series with 
input 




assumed 

low 




' 






Series with 
output 


assumed 

low 


^ 


— 


^ 


— 


Series with 
Input 


assumed 

high 


M • * * • • 


^ • 


. . . 


. . . 



TABLE IV 



USED INSTRUMENTS FOR SALE 

One Type 570 Electron Tube Curve Tracer, 
s/n 5303. New condition. Reasonably priced. 
Fred Pack, Technical Materiel Corp., 700 
Fenimore Road, Mamaroneck, New York. 
The Univac Division of the Sperry Rand 
Corporation at 311 Turner Street in Utica, 
New York, offers tlie following instruments 
for sale : 

2 — 315D Oscilloscopes 
4 — 512 Oscilloscopes 
1 — 514 Oscilloscopes 
11 — 531 Oscilloscopes 
1 — 532 Oscilloscopes 
7 — 533 Oscilloscopes 
19 — Preamplifiers con s i s t in g o f 

an assortment of Type 53C, 
Type 53/54C and a few Tyi)e 
CA Plug-In Units. 

All instruments will be repaired and recali- 
brated before siiipment to any l)uyer. Con- 
tact Art Ebberhart at the al)ove address 
for serial number ranges and prices. 

One (1) Tektronix oscilloscope, model 
RM15, s/n 106 — brand new. In original 
Tektronix packing case — never uncrated 
or placed in service. Has been in storage 
since 1957. Address inquiries to Schlum- 
berger Well Surveying Corporation, P, O. 



Box 2175, Houston 1, Texas. Attention: 
Purchasing-Surplus. 

1 Type 517 Oscilloscope complete, s/n 789. 
.Also, 1 Type 513 Oscilloscope, Stuartivx 
Enterprises, 7626 Lexington Avenue, Los 
.Angeles 46, California. Telephone OL 6- 
9940. 

1 Type 502 Oscilloscope, s/n 6635. Approx- 
imately one year old. William Simp.son, 
Sound and Audio Electronics, 1902 Euclid 
-Avenue, Cleveland 15, Ohio. Telephone 861- 
3907. 



1 Type 512 Oscilloscope, s/n 578. Recently 
reconditioned. Set spare matched amplifier 
tubes included. A. C. Wall, 36 Beach Drive, 
Norton, Connecticut. Telephone 203-655- 
4218. 

1 Type 53/54K Plug-In Unit, s/n 867. Very 
good condition. B. Stapler, Columbia Tech- 
nical Corporation, Wood side, New A^ork. 
Telephone YE 2-0800. 

1 Type 535 A Oscilloscope, 1 Type CA and 
1 Type 1) Plug-In Units. All instruments 
are less than one year old. Tom Summers, 
407 Harvard S. E., Albuquerque, New 
Alexico. 



M/SS/NG INSTRUMENTS 

Apparently those sly and slippery indi- 
viduals who use the “midnight requisition” 
to “purchase” their oscilloscopes are on a 
buying (?) strike. 

Since our April issue of Service Scope, 
we’ve received only one report of a missing 
instrument. That report concerned a Type 
310 A, s/n 013798, apparently stolen from 
an automobile belonging to a service repre- 
sentative of the General Electric Company, 
X-ray Department. 

The instrument disappeared early in April 
and the apparent theft occurred in the im- 
mediate Chicago area. 

The General Electric people have re- 
(1 nested that we ask our readers to be on 
the alert for this instrument. Information 
you may have regarding this scope should 
be relayed to Mr. R. M. Landis, General 
Electric Company, X-Ray Department, 1061 
W. Jackson Blvd., Chicago, Illinois. 



1 Type 515A, s/n 5477. Phil Fullerton, 
Electramatic, Inc., 3324 Lliawatha Avenue, 
Minneapolis 6, Minnesota. Telephone PA 
1-5074. 

1 Type 517A Oscilloscope, s/n 1106. Will 
sell or trade for other Tektronix equipment. 
Electronic Laboratory Supply Company, 
7208 Germantown Avenue, Philadelphia 19, 
Pennsylvania. Telephone: Area Code 215, 
CH 8-2700. 

1 Type 190 Const ant- Amplitude Signal Gen- 
erator, s/n 5116. 1 T>'pe 108 Fast-Rise 

Mercury Pulser, s/n 251. 1 Type 107 

Square- Wave Generator, s/n 106. Harry 
Bishop, Bishop Enterprises, Inc., P. O. Box 
236, Westminister, Colorado. 

1 Type 51 3D Oscilloscope, s/n 1584. Asking- 
price $350.00. Thomas L. Dinsmore, Buyer, 
Thomas A. Edison Research Laboratory, 
Division of Me G raw -Edison Company, West 
Orange, New lersev. Telephone REdwood 
6 - 1000 . 

1 Type 5 17 A Oscilloscope, s/n 1047. George 
Moore, 542 Hurt Road, Sm^u'na, Georgia. 

1 Type 561 A Oscilloscope (round-face ert), 
1 eacli Type 63, Type 67 and Type 75 Plug- 
In Unit. Serial numbers not given. Dave 
Rutland, 2185 Alisos Drive, Alontecito, Cali- 
fornia. Telephone WO 9-3657, 
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USED INSTRUMENTS WANTED 

1 Type 512 Oscilloscope. Waiter R. Nass, 
Consulting Engineer, Route 3, Box 505, 
Escondido, California. Telephone SHerwood 
5-7437. 

1 Type 514 or Type 514D Oscilloscope. 
Prefer one or the other of these scopes 
but will consider a Type 310A. M. Perez 
& Sons, 6475 Main Street, Long Hill, Con- 
necticut. 

1 Type 317 Oscilloscope. Don Costello, 
8279 West Winneniac, Chicago, Illinois. 

1 Type 515 or Type 515 A Oscilloscope, 
any condition, price commensurate thereto. 
G. Summers, 1511 LeVee, Dallas 7, Texas. 

1 Type 514 Oscilloscope. Condition not 
important. Kenneth H. King, 16210 May 
Creek Road, Renton, Washington. 

1 T}^pe 535 or Type 545 Oscilloscope, Ron- 
ald Silver, 2576 East Wren Road, Salt Lake 
City 17, Utah. Telephone CR 7-1697. 

1 Type 515 or a similar 10 Me Oscilloscope. 
David Fraser, Dyna Sciences Corporation, 
Fort Washington, Pennsylvania. Telephone 
MI 6-6247. 

NEW FIELD MODIFICATION KITS 

TYPE 661 OSCILLOSCOPE DELAYED- 
PULSE GENERATOR IMPROVE- 
MENTS KIT — For Type 661 Oscillo- 
scopes with s/n’s 101 to 361 inc. 

This modification reduces to a minimum 
radiation of the pulse (produced by the 
Delay ed-Pulse Generator) into the vertical 
circuitry after the signal delay. This radi- 
ated pulse causes disturbances in the time 
region from approximately 100 nsec before 
the step output of the Delayed-Pulse Gen- 
erator up to the step. 

The modification adds a shield to the 
rear of the DELAYED-PULSE connector 
and utilizes a torroid transformer to iso- 
late the tunnel diode pulse from the delay 
line and bias circuit. 

The modification also improves the de- 
lay^ed pulse risetime of those instruments 
using a 1N3130 tunnel diode in the D992 
position by incorporating changes that per- 
mit the use of a TD 1081 tunnel diode in 
the D992 position. 

Please note : this mod kit does not include 
a TD 1081 tunnel diode. This diode (Tek 
part number 152-099) must be ordered sep- 
arately if your instrument does not already 
have one. 

If 3 Wir instrument has a serial number 
271 or higher, it will have a factory-install- 
ed TD 1081 in the D992 position. If your 
instrument is in the lOl-to-270 serial number 
range, and has- had the tunnel diode in the 
D992 position replaced since the instrument 
was delivered, it may have been replaced 
with a TD 1081. A visual check will de- 
termine this for you. If the tunnel diode 



in this position is a 1N3130, it will measure 
about 0.020" in thickness. If it is a TD 
1081 it will measure about 0.050" in thick- 
ness. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-307. Price: $25.20. 

Remember, if you need the TD 1081 tun- 
nel diode you will also liave to order it. 
Specify Tektronix part numl)er 152-099. 
Price: $21.00. 

TYPE M PLUG-IN UNIT ‘A’ SIGNAL- 
OUT IMPROVEMENT — For Type M 
Plug-In Units with s/n’s 101 to 2759 inc. 

This modification replaces transistor 
Q5344 and its related circuitry with a 
temperature-stabilized dual -transistor com- 
parator circuit. This replacement effects 
improvements in tlie ‘.A’ Signal Out circuit 
as follows: 

(a) Stabilizes the ‘A’ Signal Out dc 
level to reduce temperature varia- 
tions and changes which result 
from transferring the unit from 
one oscilloscope to another. 

(b) Reduces chopping transients ap- 
pearing at the ‘A’ Signal Out con- 
nector. 

(c) Improves bandpass. 

(d) Changes the range of the DC BAL 
control to allow compensation for 
low -bias Nil Vistors. 

Order through your local Tektronix 
Field Office or Field Engineer. Specify 
Tektronix part number 040-308. Price : 
$22.40. 

TYPE O PLUG-IN UNIT OPERA- 
TIONAL AMPLIFIER IMPROVE- 
MENTS — For Type O Plug-In Units with 
s/n’s 101 to 813 inc. 

This modification incorporates several re- 
finements in the operational amplifiers of 
the Type O Plug-In Unit. The modifica- 
tion and its instructions are divided into 
four sections (A, B, C, & D). Any part 
of the modification may be performed sep- 
arately. Benefits of the modification are : 

1. Sections A and B improve the tem- 
perature-sensitive drift characteristics 
of the ‘A’ and ‘B’ amplifiers. 

2. Section C improves the cross-talk 
characteristics by relocating several 
wires and changing the decoupling- 
arrangement. 

3. Section D increases the accuracy of 
the output amplifier when Zf is set 
at 10 pf and the INTEGRATOR 
L.F. REJECT is set to OFF. 

Note: This section applies only to 

the instruments with serial numbers 
101 to 318 with the exception of a 
few instruments in this serial num- 
ber range that were modified at the 
factory. Consult your Tektronix 
Field Engineer if you are not sure 
of your instruments status. 



Order through your local Tektronix Field 
Office or Field Engineer. Specify Tek- 
tronix part number 040-301. Price $44.20. 

TYPE 507 OSCILLOSCOPE CRT FILA- 
MENT ISOLATION TRANSFORMER 
— For Type 507 O.scilloscopes with .s/n’s 
101 to 427 inc. 

This modification installs a special oil- 
filled isolation transformer (T702) between 
the ert filament and the filament trans- 
former (T701). This eliminates the pos- 
sibility of breakdown in the ert- filament 
winding of transformer T701. 

Order through 3 'our local Tektronix Field 
Office or Field Engineer. Specify Tek- 
tronix part number 040-304. Price $43.10. 

TYPE 581 AND TYPE 585 OSCILLO- 
SCOPES REGULATED DC FILA- 
MENTS MOD KIT — For Type 581 Oscil- 
loscopes with s/n’s 101 to 1331 inc. and 
Type 585 Oscilloscopes w'ith s/n’s 101 to 
3763 inc. 

Installation of this modification material- 
ly reduces variations in vertical gain due 
to changes in line voltage. The modification 
makes the following improvements in the 
instrument : 

(a) Changes the vertical -amplifier fila- 
ment supply from elevated 6 volts 
ac to regulated 12.6 volts dc. 

(b) Rewires the filaments into a series 
parallel arrangement. 

(c) Increases the filter capacitance in 
the 12.6 volt and 100 volt supplies. 

(d) Adds fuses between the vertical 
amplifier and the 100, 225 and 350 
volt supplies to protect components 
in tlie event of tube shorts. 

(e) Increases the decoupling to the 
— 150 and 4-350 volt supplies and 
the screen of the Miller-Runup 
tube (V161). This helps to pre- 
vent abberations (caused by high 
current pulses from the sweep gen- 
erator) in the displayed waveform. 

Order through your local Tektronix Field 
Office or Field Engineer. Specify Tek- 
tronix part number 040-303. Price $39.05 

TYPE 519 OSCILLOSCOPE MAXI- 
MUM INTENSITY MOD KIT — For 
Type 519 Oscilloscopes with s/n’s 101 to 
383 inc. 

This modification adds a Maximum- 
Intensity potentiometer to the high-voltage 
circuit and limits the range of the front- 
panel INTENSITY control. This lessens 
the chance of accidentally burning the ert 
phosphor because of a too-high INTENSI- 
TY -control setting. It also helps to prolong 
the life of the ert cathode. 

In addition, the modification adds several 
other refinements such as : eliminating os- 
cillations of the neon voltage regulator, as- 
suring the start of neon ionization in com- 
plete darkness and improving the regulation 
of the high voltage supply. 

Order through your local Tektronix Field 
Office or Field Engineer. Specify Tek- 
tronix part number 040-302. Price is $6.35. 
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SUBSTITUTING 6BL8^S FOR 6U8^S 



In the August 1962 issue of SERVICE 
SCOPE, we stated that the 6U8 tubes 
were no longer recommmended as a satis- 
factory replacement for 6BL8 tubes in the 
Type 503 and Type 504 Oscilloscopes and 
the Type 67 Plug-In Units. That statement 
is still valid. However, several of our cus- 
tomers after reading the statement raised 
the Question, “Wouldn’t 6BL8 tubes make 
a more satisfactory replacement for 6U8 
tubes located in the trigger, trigger pickoff 
and delay-pickof f circuits of the Type 530 
and 540 Series Oscilloscopes?” 

To determine the answer, we asked our 
Manufacturing Staff Engineering Depart- 
ment to run some tests using 6BL8 tubes 
in place of 6U8’s in the circuits in question. 
The tests revealed that in each application 
the 6BL8’s showed no apparent short com- 



ings. While they have a lower output rat- 
ing than the 6U8 tube, they operate well 
witliin their ratings in all the Type 530/540 
series instruments except tlie Type 532. 

In the trigger amplifier circuit of the 
Type 532, a 6BL8 tube must operate at 
cutoff because of the higher operating bias 
of the triode section. As a result, output 
is insufficient to allow correct triggering 
on 1 cm of signal with the TRIGGERING 
LEVEL control set to 0. Also, these tubes 
fail to operate satisfactorily in the trigger 
multi circuit of the Type 532 ; with normal 
adjustment of the Trigger Sensitivity and 
the TRIGGER MODE switch in the 
AUTO position, the multi will not free run 
in the absence of a signal. 

In all other Type 530/540 Series instru- 
ments the 6BL8 tubes perform satisfactorily. 



Trigger output was slightly greater and the 
trigger circuits set up very well. 

The Manufacturing Staff Engineer also 
tested the E80CF tube ( Tel ef unken and 
Amperex). They, too, gave satisfactory per- 
formances in these circuits. Life tests were 
not conducted for either the 6BL8 or E80CF 
tubes. 

Our conclusion is that despite the slight 
gain in trigger output (about 6 to 10%), we 
do not feel that the advantage gained is 
great enough to recommend wholesale re- 
placement of the 6U8 tubes in the trigger 
circuits of the Type 530/540 Series Oscillo- 
scopes. We prefer to go no farther than 
to say that 6BL8 and E80CF tubes can be 
\ised in these circuits with no apparent dis- 
advantages. 



HIGH REP-RATE BURSTS FROM MULTIPLES OF TYPE 11 J PULSE GENERATORS 



In some applications, two or more closely- 
spaced pulses will prove nearly as useful as 
pulses from a high-rep-rate generator. Two 
or more Type 111 Pretrigger Pulse Gen- 
erators will, when coupled together, supply 
such closely-spaced pulses. They will also 
supply many other pulse trains. The pulses 
may be, as desired, of either positive or 
negative polarit}'’ and of various spacings 
and widths. Such pulses are useful in many 
forms of logic testing. 

Tektronix Field Engineer Jim Johnson 
has used three Type Ill’s to provide a 
means of testing high speed scalers. 

Figure 1 shows a suggested setup for 
three Type 111 Pulse Generators. In this 
example, unit number 1 acts as a master 
unit to set the rep rate of the bursts and 
to provide one of the pulses. The RANGE 
switch in the Pulse Generator block of the 
other Type Ill’s should be set to EXT 
TRIG. The VARIABLE control in the 
Trigger To Pulse Time Difference block 
allows you to space the pulses in the bursts. 



Output polarity and pulse widths may be 
different for each Type 111. 

Norm Winnings tad, of our Instrument 
Engineering group, suggests the matching 
network shown in Figure 2 for reflection- 
free mixing of any number of Z„ trans- 
mission lines. A 113 ^ one of the branches 
ma\' be used as an output. 

The maximum transfer ( oc max) be- 
tween input and output occurs when r 
becomes infinite. Then for N branches : 




1 

or max 

N — 1 

If less transfer than oc max is desired, 
r becomes finite and R increases from 
values given above — impedance matching 
is retained. If oc is the desired transfer 
(i.e., Eout/Ein = oc - oc < oc max) 
then : 




1 - (R/Zo)= 7 

r = — — /.« 

2 + N ( - 1) 

Two small limitations exist in this setup; 

1. The more channels used, the smaller 
the output pulse. 

2. When combining positive and negative 
pulses, there could be inter-triggering 
via the pulse output connector of each 
network. If, for instance, a negative 
pulse of 5 volts or so reaches a Type 
111 set to a positive polarity, it could 
force the emitter of the avalanche 
transistor down enough to cause it to 
avalanche. Generally, though, a net- 
work with oc of 0.3 or less should 
eliminate this problem. 

If you wish, 3 ^ou can connect all the 
pulses together in an unmatched network 
using GR874 “T’s”. If >^ou get involved 
in inter-triggering from alternate plus 
polarities, use 5-to-l attenuators — but, be- 
ware of reflections. 




FIGURE 1 



FIGURE 2 
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At any given state of the art, any in- 
crease in the gain or bandwidth of an am- 
plifier inevitably means more noise. Some 
of the limitations are absolute, based on the 
nature of current- flow ; some are onh- 
relative to the quietness of available com- 
ponents. 

Noise limitations apply not only to oscil- 
loscope inputs, of course, but also to tlie 
circuits to be examined with the oscillo- 
scope. 

Random (as opposed to systematic) noise 
is almost always specified in rms terms. 
Being random, it is capable of analysis only 
in statistical terms. Instantaneous ampli- 
tudes (determining peak-to-peak values) un- 
der a given set of circumstances are dis- 
tributed on a x>robability curve. The proba- 
bility of any given rms noise level having 
all of its peaks between two limits varies 
with the time-limits set. (If you stand 
around long enough, you muy get struck 
by lightning.) 

It is jDossible to approximate the 
rms /peak-to-peak ratio for wideband noise. 
Normal bs 90% or more of the peaks will 
fall within 3X the rms value of the noise. 
On an oscilloscope, this represents the main 
“body” of a noisy trace observed at a rela- 
tively slow time/cm rate. 

Noise power adds directly; noise voltage 
vectorial ly. One milliwatt of noise plus one 
milliwatt of noise is two milliwatts of noise. 
One millivolt of noise i)lus one millivolt of 
noise is 1.414 millivolts of noise (square 
root of the sum of the squares). 

Noise generally may be broken down into 
two types: Broadband “white” noise (so- 

called because of the analogy to white 
light) in which the i)ower is evenly dis- 
tributed throughout the frequency spectrum, 
and low-frequency noise (referred to by 
some as “pink” noise) in which the power 
varies inversely with the frequency. All 
resistances, tubes and semiconductors e^:- 
hibit both t\q)es of noise to some extent. 

The noise discussed here is more or less 
inherent in electronic components — not that 
due to manufacturing defects or to deteri- 
oration or damage (as, gas in tubes or 
moisture in transistors), or that due to 
external interference (e.g., atmospheric noise 
or RFI). 



NOISE— SOME BASIC DATA 

RESISTANCE NOISE 

.•UiSOLUTE: At any given temperature, any 
resistance or resistive component of an im- 
pedance generates random wideband noise 
due to thermal agitation of electrons. The 
noise pozver generated is proportional to 
resistance, temperature and bandwidth of 
the circuit ; the observed value may be 
limited by the bandwidth of the measuring 
instrument. 

REL.VTivt: : Current flowing in a resistor 

(particularly a carhon resistor) produces 
a low- frequency noise called “excess noise” 
or “current noise.” The amount varies 
widely with the type and construction of 
the resistor. This low-frequency noise is 
generally measurable only in the region be- 
low 100 kc, and the noise power varies in- 
versely with frequency. 

TUBE NOISE 




WII)EB.\NI) TUBE NOISE: This “shot noise”— 
so-called because the effect of pouring- 
electrons from cathode to plate is analogous 
to the noise of pouring buckshot into a 
barrel — is a combination of the effects of 
cathode temperature and resistance and tlie 
fact that current flow, being a flow of 
many discrete charges, is subject to random 
liuctuation: the number of electrons reach- 



ing the plate at any given instant for any 
given average current is a matter of sta- 
tistical probability. The flow of grid cur- 
rent is likewise .subject to random fluctua- 
tion ; the re.su It in g output noise and fre- 
quency distortion depends on the impedance 
into which the grid “looks.” 

“flicker” : While the wideband noise in 
tubes is fairly predictable from tube param- 
eters, low-frequency noise, commonly called 
flicker or 1/f noise, is highly unpredict- 
able. Not much is known about control- 
ling it in tube manufacture. The power dis- 
tribution of flicker noise varies inversely 
with frequency, and is predominant over 
broadband noise below 1-10 kc. It is usu- 
ally quite a serious limitation to vacuum- 
tube amplifier performance below 50 cps. 
The ultimate low-frequency flicker we call 
drift. 

TRANSISTOR NOISE 

.\BSOLUTE : Electrons crossing any semi- 

conductor “barrier” generate wideband noise. 
The noise is proportional to the current and 
to the circuit bandwidth. 

REL.\TIVE: Low-frequency flicker noise is 

generated in transistors as well as in vacu- 
um tubes, but transistor manufacturers seem 
to have had more luck in controlling it. The 
6 db per octave rise of low-frequency noise 
over wideband noise may start as low as 
1 kc in commonly available types today. 

The following information should aid in 
determining noise values stemming from 
the causes under discussion here. 

RESISTANCE NOISE 

Thermal or “Johnson” noise power is 
proportional to temperature, resistance and 
bandwidth. The rms noise voltage is pro- 
I)ortional, then, to the square root of these 
factors : 

Er,„» = 2 -y 1,38 X 10-=“ TRf 

where T is the temperature in degrees 
Kelvin (absolute), R is the resistance or 
resistive component of an impedance, and 
f is the effective bandwidth of the system. 
The constant shown is Boltzman’s constant 
expressed in meter -kilogram-second units 
( j oules/degree Kelvin ) . 
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A simpler formula for use at room tem- 
perature (25° C = 77° F) is: 

Erms = -\/l.65xl0-=° Rf 

The values obtained will be essentially the 
same (±10%) from — 15° C to +65° C 
(5° to 150° F). 

Technically, the effective bandwidth f is 
narrow, sharply defined, and may be lo- 
cated anywhere in the frequency spectrum. 
Practicalbs it is convenient to use — 3 db 
band widths in calculation, on the assump- 
tion that the total of the (attenuated) noise 
outside the — 3 db points is about equal 
to the rolled-off noise inside the — 3dl) 
points which is weighted at 100%. 

A one-megohm resistance at room tem- 
perature generates about 130 /iv of rms 
noise over a 1 me bandwidth. However, 
when the resistance is shunted by a capaci- 
tance of, say 10 pf, the noise output above 
16 kc will be rolled off at 6 db /octave. We 
can then approximate the noise level by 
calling f 16 kc, giving us a value of 16 ^v 
rms for the noise voltage, or about 50 /jlv 
peak -to -peak over a short span of time" 
say, a few hundred msec. 

A resistance of 50 ohms generates about 
28 fjLV rms over a one Gc bandwidth. 

Because resistor noise is typical of all 
broadband noise, white noise levels are 
often specified as “equivalent noise re- 
sistance,” which allows specification of noise 
in terms applicable to any bandwidth. The 
temperature assumed for “equivalent noise 
resistance,” is 25° C, and for any particular 
bandwidth, the rms voltage can be calcu- 
lated from the formula above. 



CURRENT NOISE 

Composition and deposited carbon resis- 
tors — to a greater extent than wi rewound 
or the better grade of metal -film resistors — 
generate low-frequency noise proportional 
to the applied voltage. This noise is gov- 
erned primarily b)’ current density; a noisi- 
er- than-normal resistor is assumed to have 
localized bottlenecks of high current density. 
In most resistors, this current noise, “excess 
noise” or “1/f noise” as it is variously 
called, is about equal to thermal noise at 
100 kc or so and is negligible above about 
1 me. The noise power of current varies 
inversely with frequency. 

The absolute value for composition re- 
sistors is usually specified in terms estab- 
lished by the National Bureau of Stand- 
ards — microvolts rms per applied volt for 
one frequency decade. Typically, the values 
will fall between 0.1 /iv and 10 gv per ap- 
plied volt in a frequency decade, but poor 
manufacturing techniques and quality con- 
trol can produce much larger figures. For 
estimating purposes, 1 ^v/v in a decade, or 
2.24 /iv rms per applied volt for the 5 de- 
cades from 1 cps to 100 kc, can be used 
for resistors of good quality. Note that 
for several decades, we multiply by the 
square root of the number of decades, since 
it’s the pozver not the voltage, which varies 
as 1/f. 



TUBE NOISE 

WIDEBAND NOISE (SHOT-EFFECT) 




TRiODKs: The various factors affecting the 
wideband noise in a triode (grid grounded) 
are approximated by the formula : 

Irm. = 2 ijusxio--^ TJCGmf 

Where Te is the cathode temperature (in 
degrees Kelvin), K is a tube merit factor 
between 0.64 and 1.28, f is the bandwidth, 
and I, -ms is the noise current in the plate 
circuit. Assuming a cathode temperature of 
1000° K and a merit factor of 1.0, the 
formula becomes : 

Im,,» =+5.5 X 10-“ G,„f 
Relating this to the input, we get 



E.ms = 2.34 x 10"’“ 

For a 6DJ8 operated at a current of 10 ma 
and 100 v on the plate (giving a Gm of 
about 9,000), tlie grounded-grid equivalent 
input noise over a 1 me bandwidth would be 
about 2.5 fi\r rms. 

A quicker approximation for the ground- 
ed-grid noise level in triodes gives the 
equivalent wideband “noise resistance” at 
the grid : 




R,.^. = (some sources say 2.5 /Gm) 

Gm 



For the 6DJ8 in the case above, R.-;: 
becomes 333 ohms. To convert equivalent 
noise resistance into volts, insert the re- 
sistance and desired bandwidth figures into 
the simplified formula for 25° (Z thermal 
noise. The figure comes out about 2.4 ^v 
rms for the example alx)ve, close to the 
value obtained before. 

If — as is usually the case in high-imped- 
ance input stages — the grid is not grounded, 
grid current developing a voltage across 
the input resistance adds another noise fac- 
tor. The noise component of the grid cur- 
rent amounts to : 

Irms =-y2x 1.6 X 10-'“ I, t 

where the constant 1.6 x 10~’“ is the charge 
(coulombs) of an electron, is the steady - 
state grid-current, and f is the bandwidth. 
If the grid looks into an impedance of R 
and C in parallel, grid -cur rent noise for any 
small bandwidth Af at a center frequency 
F is: 



3.2x10-“ I.Af 

rms 1 + R= (2_FC) = 

The total noise can be approximated as 
was done for thermal noise by equating f 
with the — 3 db bandwidth 1 /( 27 tRC), and 
ignoring the term in the denominator, which 
approaches the value of 1.0 below — 3 db 
frequency. Now, 

3.2 X 10-’" I«R 

23c 

Taking a 6DJ8 with a 10 nanoamp grid 
current, a grid resistor of 1 megohm and 
shunt capacitance amounting to 50 pf, we 
obtain a value of approximately 3.2 fiv for 
rms noise due to grid current. This noise 
will be primarily in the dc-to-3 kc region. 
Of course, if we connect a low-impedance 
signal source to the grid, this noise will, 
to a great extent, disappear. 

PENTODES : In pentodes, the wideband shot- 
effect noise in the plate circuit is compli- 
cated by the random variation in the div- 
ision of cathode current between screen and 
plate — so-called ‘partition noise.” In this 
case, it is easiest to calculate “equivalent 
noise resistance” first, and go on from there 
to total noise for a given bandwidth. 

3 20 Is 

G.n ^ G„,= 

where Ib is plate current, Ik is cathode cur- 
rent, Is is screen current and Reg is the 
equivalent noise “resistance” at the grid. 

If we consider the Tektronix Type 502’ s 
input stage (6AU6’s) as a typical pentode 
application for low-noise operation (Ik^ 
720 ga, Ib ~ 430 ga, Is 430 ga, Gm about 
1100), expectable wideband noise resistance 
would be about 4500 ohms per side. Or, add- 
ing push-pull noise components vectorially, 
about 3.8 /iv rms over 100 kc passband of the 
oscilloscope. Needless to say, the Type 502’ s 
actual noise performance is not this good, 
primarily because of low-frequency noise 
which almost completely masks the broad- 
band noise. 

LOW-FREQUENCY (FLICKER) 

NOISE 

Because researchers into noise have been 
occupied primarily with getting answers for 
the communications industr}^ — which is most- 
ly concerned with tuned RF amplifiers when 
working with microvolt signals — not much 
has been done about identifying the causes 
and cures for low-frequency flicker noise 
in tubes. This noise is most serious at fre- 
quencies below 1 kc and in tubes with 
oxide coated cathodes. Flicker noise, like 
current noise in resistors, varies inversely 
with frequency, and is quite serious in 
high -sensitivity dc-coupled amplifiers. It is 
believed to be related to variations in the 
conductivity of the cathode coating, to 
thermal agitation and migration of cathode 
material and areas of emission activity, wdth 
conse(|uent shifts in the configuration of the 
space charge, and to interface resistance 
between the cathode coating and sleeve, 
among other hypothetical causes. One in- 
vestigator, noting excessive noise in a direct- 
heated cathode with very small filament di- 
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anieter, concluded that at least some of the 
noise was due to high-velocit}^ gas ions, 
speeding from plate to cathode, being cap- 
tured in orbit around the cathode (like 
little satellites) , crashing into freshly emitted 
electrons and generally creating a nuisance. 
This seems quite plausible — collision of gas 
ions with the cathode is a common source 
of noise. Some researchers have found the 
flicker noise to vary as the square of the 
cathode current. However, variations among 
tube types and even among samples of the 
same tube types are so great that no con- 
sistent theory has been developed to ex- 
plain all the phenomena. Flicker noise in 
vacuum-tube circuits operated down to 10 
cx)s or below will commonl}' be three to four 
times the value of the broadband shot noise 
and other contributing factors (plate and 
cathode resistors, etc.). For instance, re- 
sistor noise and broadband tube noise ac- 
count for about 5 /iv rms in the front end 
of the Type 502 — corresponding to perhaps 
15 fiv peak-to-peak. 

The observed peak-to-peak value is about 
40 /iv, with 20 iiv seen in exceptional cases. 

Since there is no standardized method 
of measuring or specifying low-frequency 
tube noise, it’s pretty much up to the user 
to select circuits and tube types and then 
hope the tube manufacturer keeps his prod- 
uct consistent. 

In general, because wideband equivalent 
noise varies inversely with Gm and both 
low and high-frequency noise increases with 
I increasing current, the best candidate for a 
^ low-noise tube type is one which offers the 
best transconductance at the lowest cathode 
current. 

TRANSISTOR NOISE 

WIDEBAND SHOT NOISE: A fixed minimum 
wideband noise value for any semiconductor 
cariwing a given value of current is : 

lr,„s =-\j 3.2x10-“ 1,* 

where I is the dc collector current and 
f is the bandwidth. The constant this time 
is twice the charge of an electron (1.6x 
lO”*'** coulomb). In a transistor operated at 
1 ma collector current, then, the minimum 
wideband noise over a 1 me bandwidth would 
be about 18 nanoamperes rms, at the col- 
lector. With a 1 k collector load, 18 na be- 
comes about 50-60 iiv peak-to-peak. 

To convert to equivalent input -noise cur- 
rent, divide the output noise current by beta. 
As is evident from the above (all other 
things being equal), the only way to avoid 
this limitation for low -noise performance is 
to seek transistor designs which offer high- 
est values of beta for a given collector cur- 
rent, but without increased leakage or other 
noise-source problems. 

LOW-FREQUENCY NOISE.' As with vacuum 
tubes, the low-frequency flicker noise in 
transistors is not mathematically predictable. 
It frequently is unspecified, even for so- 
) called “low-noise” transistor types. A few 

* This same relationship is true of tubes in 
“plate saturation” when the noise-modifying 
.sjiace charge is depleted, and in general of 

any current flowing across a “barrier.” 



years ago, it was exceptional for a transis- 
tor’s low-frequency noise to be less than 
broadband noise below 10 kc. Today, “turn- 
over” points as low as 100 cps may be ob- 
tained. Below the turnover point, the flicker 
noise increases at 6 db/octave. Turnover 
is that point below which low-frequency 
noise exceeds the broadband value. 

'\' R A N S I S TOR S PEC I F IC ATI O N S : E V ClI thou gll 

circuit considerations have a great effect 
on transistor noise, transistor manufacturers 
have made more effort to assign numbers 
to noise levels tiian liave tube manufactur- 
ers. Flowever, in the absence of industry 
standards, the methods of measurement and 
specification are not uniform, and numbers 
are often hard to interpret. 

Aside from the basic collector current 
noise mentioned above, noise -cur rent in the 
collector circuit increases with increasing 
collector voltage (leakage current noise at 
the reverse-biased collector-base junction), 
and with increasing emitter current (surface 
phenomena at the forward-biased base- 
emitter junction). Base driving impedance 
affects these tw<j noise “generators” op- 
positely; for any given set of voltage and 
current conditions, there is an optimum 
base driving impedance for lowest noise, 
generally between 300 ohms and 3 k. Tran- 
sistor noise specifications are often based 
on very low voltage and current settings, 
plus optimum driving impedance. A col- 
lector voltage of 2 V, current of 500 /xa and 
perhaps 1 k driving impedance are typical 
numbers for “si>ec” noise levels. 

A commonly used spec is “Noise Figure” 
(NF). This is defined as the ratio of the 
signal-to-noise ration at the collector to the 
“available” signal-to-noise ratio at the base, 
and is normally expressed in db. Usually, 
it does not include flicker noise. 

The “available” signal-to-noise is noise 
of that optimum driving resistance. If a 
transistor exhibits lowest noise when driven 
b}^ a veiw high impedance, its noise figure 
may be very good but its actual noise con- 
tribution quite high. It’s important to know 
the “R«i)t” when evaluating a specification. 

The noise figure NF is calculated as 
10 log — 2--- ^ h where R,>„t is the op- 

Kojit 

timum driving impedance and R eqil I V is the 
equivalent input noise resistance of the 
transistor itself. So to find out the actual 
transistor noise level Roimiv, we work this 
formula : 

NF 

R,.,,„iv =: R„„t (antilog — ) — Ro,,t 
or 

NF 

R,.,,„iv — R,„„ (antilog — — 1) 

Here is an example (from the General 
Electric handbook, 6th edition). General 
Electric Type 2N123. At 5v and 1 ma, NF 
is 1.94 db with a driving resistance of 720 
ohms. 



R,.,,„i,. = 720 (antilog 0.194 — 1) 

= 720 (1.56 — 1) 

= 420 O 

For a 1 me bandwidth, then, the transis- 
tor will contribute about 2.55 ^v of rms 
noise. However, the base driving resist- 
ance brings up the total equivalent input 
noise to about 4.3 /iv rms. A lower value 
driving impedance might (depending on the 
transistor) provide lower total input noise. 

Noise figures specified in “microvolts per 
square root cycle” or “na noamperes 

per square root cycle” (nA A/TJ* may refer 
to measurements taken on '^a Quan-Tech 
transistor noise analyzer over a one cycle 
bandwidth centered at 100 cps, 1 kc or 10 kc, 
and must be multiplied by the square root of 
the intended bandwidth before becoming 
meaningful. Even so, they are not too use- 
ful, referring only to open- circuit and short- 
circuit base conditions. Additional calcula- 
tion (jLtv/nA) yields the Ropt driving im- 
pedance and the noise figure for the con- 
ditions specified. 

Noise figures specified in “db below 1 ^v” 
or the equivalent are of little use without 
the conditions being specified. One abridged 
specification sheet, for instance, describes a 
2N207B transistor as having a noise level of 
“2db below 1/iv,” The full specification 
sheet reveals that this performance was 
measured over a 2700 cycle bandwidth of 
300-3000 cps at a collector current of 500 /la. 

Noise specifications at best are only a 
general guide, and in-circuit evaluation with 
transistors, as with tubes, is the only way as 
yet to evaluate the limits of achievable per- 
formance, especially with regard to low- 
frequency noise. 

In conclusion then, the very nature of an 
oscilloscope — a “search” tool capable of re- 
sponding to random or unpredictable wave- 
forms — demands that it respond to noise in 
the circuit being “searched”. Thus, the sig- 
nal to noise ratio in the circuit being investi- 
gated imposes one absolute limitation on 
usable sensitivity and bandwidth. Only to 
the extent that one can predict the nature of 
the signal he wishes to measure and also de- 
lineate the characteristic of rejectable, non- 
significant signals, can substantial improve- 
ments in sensitivity and bandwidth be made 
at any given state of the art. (Compare the 
cost and complexit}' of obtaining a gain of 
10^ at 1 me by means of a dc-coupled ampli- 
fier and by means of a little ac-dc radio, 
and then consider their comparative signal- 
to-noise ratios.) 

Advancement of the state of the oscillo- 
scope art depends upon improvements in the 
performance of components and an abilty to 
discover and apply those circuit techniques 
which allo\v an approach to the absolute 
limitations imiiosed by the nature of elec- 
tron flow. Two possible techniques that 
may help to overcome these limitations are 
cyrogenics to reduce thermal noise and 
micro-circuitry to reduce noise associated 
with current (the smaller the L’s and C’s 
the less current required to achieve a given 
bandwidth) . At this time, however, material 
gains in sensitivity with wide bandwidth 
and at high impedance by these techniques 
appear to be still far in the future. 
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SINGLE-SHOT MULTIVIBRATOR CIRCUITS 



One of the characteristics common to 
most single -shot multivibrator circuits is 
their sensitivity to the rate of rise of the 
trigger signal as well as to the amplitude 
of the signal For this reason, the single- 
shot multivibrator tends to become increas- 
ingly difficult to trigger as the rate of rise 
of the trigger signal decreases. (Trigger 
risetime becomes slower for constant am- 
plitude triggers.) 

Finally, there is often a rise rate which is 
so slow that the circuit cannot be triggered 
even with triggers of very high amplitude. 
In vacuum tube single-sliot multivibrators, 
this effect is produced by either the input 
coupling time constant (Hi-pass) or the tim- 
ing network itself failing to couple suf- 
ficient signal to initiate regeneration. 

Tn tunnel-diode single-shot multivibrators 
it is usually an L/R network that deter- 
mines the timing (duration) of the multi. 
It is also this network which “robs” trig- 
ger current away from tlie tunnel diode 
if the rate of rise of the trigger is loo 
small. 

To avoid this problem, both in tube- 
transistor circuits or tunnel-diode circuits, 
a Schmitt trigger circuit is sometimes used. 

These, however, are not generally as 
sensitive as the single-shot multivibrator. 
Another (and we believe, better) solution 
that is irseful in tunnel-diode applications, 
makes use of a “Back-Diode” to hold the 
timing circuit (L/B) disconnected and then 
connect it to perform its normal function 
after the regeneration of the main tunnel 
diode has occurred — the normal function 
here being that of switching the multi after 
a certain time interval. 




FIGURE (A) 




Figure 1 shows a typical application. The 
requirement here is to pick off from ram])s, 
having a wide variety of slopes, a pulse 
corresponding to the time the ramp crosses 
a certain voltage. 

Since the back-diode (BD-4) takes no 
more than 0.33 ma (out of 5) at the trig- 
ger voltage (50 mv), it will not affect the 
firing level by any more than this over a 
wide range of trigger slopes. The ability 
to guarantee switching depends upon the 
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FIGURE (O) 



current drawn at the valley of the tunnel 
diode (TD) by the BD. The BD-4 draws 
at least 5 ma by this voltage, and since 
switching Avould be assured even if it were 
only to draw 1 ma (Tv), the circuit is 
safely mono-stable. 

This circuit has proven useful in several 
applications involving triggers of varying 
sloi)es. The combination of a 20 ma tunnel 
diode with a 1 ma Back-Diode (BD-1) is 
also useful. 



FIGURE 1 



OPTIMUM WRITING-RATE TECHNIQUES FOR OSCILLOSCOPE PHOTOGRAPHY 




A competent technician should be able 
to provide satisfactory Polaroid'®' pictures of 
single-shot traces on an oscilloscope at the 
maximum speed and amplitudes for which 
the trace can be resolved. 

There are a number of critical factors 
in an oscilloscope recording .system which 
are under the control of an operator. It is 



necessary to employ to the optimum each 
of these factors for best results. P31 or 
P2 phosphor can be used successfully; Pll 
is not as effective because the phosphor 
cannot be pre fogged. The trace must be 
properly focused; keep critical portion of 
display centered on the ert, where the 
system writing rate is highest. Display a 
pattern traversing the screen at an angle 
of about 45°, at a repetition rate (60 cycles 
or less) just rapid enough to permit focus- 
ing while observing the trace through tlie 
viewing channel or a light-tight viewing- 
hood. Adjust the intensity to just below 
the point where a stationary spot appears, 
then focus for the finest trace. Reduce the 
intensity as necessary to maintain good 
focus. 

A Tektronix C-19 camera with the fast- 
est lens (f/1.5) and a 2-to-l image reduc- 
tion is preferred. Use the. widest lens aper- 
ture but be sure the caviera is precisely 



focused ; at widest aperture opening the 
depth of the field is less than a millimeter. 
It is sometimes worthwhile to take a shot 
of a slow trace to prove out the optical 
focus. 

If Type 47 Polaroid film is used, it should 
be pre fogged to where the background is 
dark grey, rather titan black. To prefog 
T\'pe 47 film : Swing the camera away 

from the scope, tape a sheet of bond paper 
across the front of the camera, and shine 
a 60 -watt lamp toward the paper from a 
distance of three feet. Expose the film 
at f/16 for 1/50 .second. If the fog level 
is too high, increase the distance from the 
lamp, or decrease the time to 1/100 second. 
It would be well to try one or two shots 
to get an optimum degree of fog. Use the 
same technique with Type 410, but reduce 
the expo.sure to 1/100 .second. 

Polascope* Type 410 should be used 
if available. After loading the camera. 
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develop an unexposed picture to determine 
the condition of the film. If the film is 
fresh, and has been . properly stored, the 
print will be a definite black. Fresh film 
should be p re fogged as directed above. If 
the film is not fresh, the unexposed print 
will be mottled grey, and prefogging will 
not provide further gain, however, the speed 
of a stale film may be as fast as that of 
pre fogged fresh film. 

For higli speed traces you will need to 
get additional light gain by “prefogging” 
the P2 phosphor. This procedure provides 
an excitation bias for the phosphor. With 
the camera in place on the scope and every- 



thing ready for the exposure, open the 
viewing-tunnel door and shine a 60-watt 
lamp into the \*iewing tumid in a manner 
tliat will expose the phosphor area to be 
occupied by the trace. Tlie lamp should 
be about three feet away from the tunnel, 
and held for a few seconds. Then close the 
viewing-tunnel door, wait for about 15 
seconds (for P2), open the shutter and 
trigger the scope in the usual manner. If 
you use Pv31 phosphor, wait only about 
two seconds before taking the shot. 

In general, use : 

Smallest f stop (widest aperture open- 
ing). 



Low amplitude display ; one or two cm. 
A 45° trace to focus beam. 

Fresh film. 

Type 410 film. 

Prefogged film. 

20-second development. 

Centered display. 

Pligh intensity, but sharp trace. 

Trace carefully focused at low repetition 
rate. 

Ih'ecise camera focus. 



* Polaroid and Polascope are registered 
trade marks of the Polaroid Corpora- 
tion. 



? LARGER INPUT CAPACITORS FOR THE TYPE 503 AND TYPE 504 OSCILLOSCOPES ? 




The Type 503 and Type 504 Oscilloscopes 
use 0.022 jLtf capacitors in their input cir- 
cuits. From time to time we receive 
inquiries about the installation of 0.1 /xf 
capacitors in these circuits. While 0.1 /zf 
capacitors in these positions may be an 
advantage in some cases, people making 
such a request should consider the informa- 
tion that follows. It may help tliein to 
reach the right decision. 

Usually the basis for such a request is 
extension of low-frequenc}' measurement 
accuracy. We offer here a timely reminder : 
.A. lOX probe will accomplish almost the 
same purpose as will the 0.1 /xf input capa- 
citors! Simply using a lOX probe extends 
the low-frequency 3 db point down by a 
factor of 10. Tiie Type 503’s 22 msec time 
constant becomes 220 msec ( — 3 db at 0.7 
cps) when you attach a P6000, P6006, or 
P6017 probe. A word of caution though ; 
don’t assume this also applies to a lOOX 
X)robe! The P6002, lOOX probe, for in- 
stance, because of the divider circuit used, 
does not extend the time constant by 100, 
but only about 10%. 

The 0.022 juf cai)acitors used in tlie T\q)e 
503 and Tvqje 504 Oscilloscopes offer these 
advantages : 



1. Lower leakage : For any given style of 
capacitor, the leakage specification is 
given in “megohm-microfarads”, which 
says that as capacitance goes up, leak- 
age resistance goes down. An input 
capacitor leakage resistance of 100,000 
megohms will cause a trace displacement 
of 1 mv (in the Type 503, up to 1cm) 
per 100 v applied. The 0.022 /xf capacitor 
gives us a leakage, lower by a factor of 
4, lhan the leakage we would get in the 
same capacitor in tlie 0.1 /xf size. 

2. Amplifier protection: AC-coupling is 

normally used when measuring small sig- 
nals riding on high DC voltages. When 
the input is connected to a high DC volt- 
age, the amplifier receives a severe over- 
load signal, the duration of which is 
determined by the input coupling time 
constant. The shorter this time constant, 
the better reliability we get out of the 
amplifier. 

3. Greater operator convenience : With a 

0.022 jut input capacitor, when you over- 
drive the amplifier the trace will return 



to the ert screen in less than a quarter 
of the- time required with an 0.1 /xf input 
capacitor. 

In terms of low-frequency measurement 
accuracy Table 1 compares the error intro- 
duced by tlie capacitor for 0.1 /xf and 0,022 
/xf inputs, with and without lOX probes. 
Since capacitor values are typically ± 5% 
to ± 20%, the same order of variation 
should be expected in tlie frequencies shown 
ill the table. 

The lower section of the table shows the 
pulse or square wave width for a given 
amount of tilt for the same four cases. 

If you really need 0.1 /xf input capacitors, 
Tektronix-made Mylars are probably the 
best bet in what we have available. These 
capacitors carry a nominal 10% tolerance. 
Tektronix part number is 285-556. To pre- 
serve the original balance specifications in 
the Type 503, pairs should be selected for 
5% match. For even better differential 
performance at low frequencies, these ca- 
pacitors are available already matched in 
pairs to within 1% of each other under 
Tektronix iiart number 295-054 pair. 



0.022 juf 0.1 4xf 



Measurement Error 
due to Capacitor 


From Signal 
Source <( 1 k 


With lOX 
Probe 


From Signal 
Source <( 1 k 


With lOX 
Probe 


1% 


50 cps 


5 cps 


1 1 cps 


1.1 cps 


2% 


35 cps 


3.5 cps 


7.8 cps 


.78 cps 


3% 


30 cps 


3 cps 


6.4 cps 


.64 cps 


5% 


22 cps 


2.2 cps 


4.8 cps 


.48 cps 


10% 


1 5 cps 


1.5 cps 


3.3 cps 


,33 cps 


20% 


1 0 cps 


1 cps 


2.1 cps 


.21 cps 


30% 


7.2 cps 


0.72 cps 


1 .6 cps 


.16 cps 




(above) 


Frequency for given error 






(below) 


Pulse width for given tilt 




Tilt 


1 








10% 


2.2 msec 


2 2 msec 


1 0 msec 


1 00 msec 


5% 


1 .1 msec 


1 1 msec 


5 msec 


50 msec 


2% 


0.4 msec 


4.4 msec 


2 msec 


20 msec 


1 % 


0.2 msec 


2.2 msec 


1 msec 


1 0 msec 



TABLE 1 
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OUR APOLOGIES 




In the last (June ’63) issue of Service 
Scope several errors occurred that are 
serious enough to warrant our calling them 
to the attention of our readers. 



In the article “Transistors in Degenera- 
tive Feedback Combinations,” on page one, 
paragraph three, the phrase “three- port 
devices” should read “three-terminal de- 
vices.” On page two, Figure 2(a) the 
statement “Zo is less than R, A is greater 
than R<»/Zo except in (a)” applies to all 
four diagrams in Figure 2. Therefore, it 
should be included as part of the caption 
for Figure 2. Next, in part (b). Figure 2, 
“e« = — ihi* R” should read “co = -"im R" 

and “Po = iin r|— ^ + ij” should read 




2, but in part (c), “Co = iin" R” should 
read “co = Un R.” Then on page two but 
in Table 11, under the column headed 
“Transfer” and in the “Impedance” box, 
“Low output Z” should read “High output 
Z.” Turning now to page three, Table III, 
the first circuit shown here contains a 
“funny” looking transistor — one with two 
emitters. Correct this by removing the 
emitter on the lower leg of the upper 
transistor and placing it on the lower leg 



of the lower or “etn” transistor as shown 
in the diagram below. 




Finally, in the article “High Rep- Rate 
Bursts from Multiples of Type III Pulse- 
Rate Generators,” we neglected to identify 
the resistor to ground in Figure 2, page 
seven. This resistor should be identified 
with a lower case “r”. 

Fairness compels me to confess that I 
must bear the responsibility for the errors 
which marred these two fine articles. The 
errors were not present in the authors’ 
original manuscripts. 

Please accept my sincere apologies. 

The Editor. 



A MEASUREMENT TECHNIQUE USING A Z UNIT WITH 1000 MEGOHM INPUT 



Charlie Rhodes, Tektronix project Engi- 
neer, contributes a technique for making- 
measurements not ordinarily possible with 
an oscilloscope because of circuit loading by 
the usual 1 or 10 meg input resistor. This 
technique requires the use of a modified 
T>^pe Z Plug-In Unit in a Type 530, Type 
530A, Type 540, Type 540A, Type 550, or 
Type 580-Series Oscilloscope. 

The Type Z Unit is modified to give an 
input resistance of 1000 megohms by install- 
ing a 1000 megohm resistor between the A 
input grid and the slider on the Z Unit’s 
Comparison Voltage potentiometer. Discon- 
nect everything between the A input grid 
and the A channel UHF input connector. 
Use a stiff piece of wire and route it in the 
air to bring input signals directly to the grid 
(pin 1) of V7613, a 6AK5/5654 tube. Set 
the VAR. ATTEN. control to A ONLY. 



1 Type 531 A O.scilloscope, .s/n 9199 and a 
Type CA Plug-In Unit, s/n 30886. F. C. 
Shi del, 4620 Ethel Avenue, Sherman Oaks, 
California. 

2 Type 525 Television Waveform Monitors, 
s/n’s 1204 and 1216. Price: $750.00 each. 
Information on these instruments can be ob- 
tained through Dean Butts, Tektronix, Inc., 
11681 San Vicente Boulevard, Los Angeles 
49, California. Phone: GR 3-1105 or BR 2- 
1563. 

1 Type 502 Oscilloscope, s/n 6890. Kaiser 
Foundation Hospital, 4900 Sunset Boule- 
vard, Los Angeles 27, California. This in- 
strument has seen very little, if any, use. 




The input resistance is now, of course, 
1000 megohms. The usual 2 nanoamps of 
grid current are supplied by adjusting Com- 
parison Voltage to about —2 volts; the 
trace is on screen and quite stable. 

A current of 50 pi coamps through 1000 
megohms resistance equals 50 mv or 1 cm 
deflection. Input sensitivity is 50 pico- 



USED INSTRUMENTS FOR SALE 

1 Type 560 Oscilloscope, s/n 229 and 2 Plug- 
In Units — a Type 60, s/n 372, and a Type 
67, s/n 189. These instruments are in new 
condition. Contact : David Hamniel, 5 Devon 
Court, Riverton, New Tersev. Phone: Area 
Code 609, 829-1561. 

1 Type 561 A Oscilloscope, s/n 7177, approxi- 
mately 4 months old. Will discount 15% 
from the purchase price of $399.50. Con- 
tact: Dr. von der Groeben, Stanford Medi- 
cal Center, Department of Cardiology, Palo 
Alto, California. 

1 Type 545 A Oscilloscope and 1 Type CA 
Plug-In Unit. Instruments are about two 



amps/cm. Extremely high values of leakage 
resistance can, therefore, be measured dy- 
namically. 

Capacitor-type inputs such as sonar trans- 
ducers, strain gauges, etc., are potential 
applications. 




Schematic showing the Type Z Unit input modi- 
fied to give on input resistance of 1000 meg- 
ohms. 



years old. Louis G. Fields, Starling Corp- 
oration, 2047 Sawtelle Boulevard, Los An- 
geles 25, California. Phone BR 2-7131. 

2 Plug-In Units for Type 530, Type 540, 
Type 550, or Type 580-Series Oscilloscopes 
— one 53/54K, s/n 5455, and one 53/54G, 
s/n 1923. Thorobred Photo Service, Inc., 
7618 Sepulveda Boulevard, \/an Nuys, Cali- 
fornia. 



1 Type 502 Oscilloscope, s/n 004162, (Pur- 
cha.sed in 1962). Boris Stefanov, 5628 Har- 
old Wav, #8, Los Angeles 28, California. 
Phone: NO 3-8011. 
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1 Type 541 A Oscilloscope, s/n 7099, and 1 
Type 53/54G Wide Band Differential Plug- 
In Unit, s/n 2969. Contact : R. Rechter, 
11611 Chen au It Street, #219, Los Angeles 
49, California. Phone 648-4132 or evenings 
472-1418. 

1 Type G Plug- In Unit (only 8 months 
old.) Industrial Dynamics Company, 3423 S. 
LaCienega Boulevard, Los Angeles 16, Cali- 
fornia. Attn : Ed Wagner. Phone VE 7- 
3330. 

1 Tvpe 541 A Oscilloscope, s/n 7763; 1 Tvpc 
CA Plug-In Unit, s/n 2199; 1 Type 53/54K 
Plug-In Unit, s/n 988; and 1 Scopemobile 
(model not given). Contact: Philips Ap- 
plied Research, 1640 21st Street, Santa 
Monica, California. 

Richard D. Brew and Company, Incorporat- 
ed offer the following Tektronix equipment : 
1 Type 180 Time-Mark Generator, s/n 
756 

1 Tvpe 180 SI Time-Mark Generator, s/n 
1033 

2 Type 121 Wide- Band Amplifiers, s/n 
2701 and 2703 



1 Tvpe 127 Preamplifier Power Supplv, 
s/n 413 

1 Tvpe 551 DuaLBeam Oscilloscope, s/n 
369 

1 Type 511 AD Oscilloscope, s/n 1547 
All this equipment is in good working condi- 
tion and will meet Tektronix manual specifi- 
cations. Contact Samuel A. Oliva, Electronic 
Division, Richard P. Brew and Company 
Incorporated, Concord, New Hampshire. 
Phone: .Area Code 603, 225-6605. 

1 Type 512, s/n 1691, in very good condition. 
Electronic Engineering Company, 1601 
Chestnut Avenue, Santa Ana, California. 
Attn: A. Harman, Purchasing 1 Agent. 
Phone: KT 7-5501. 

1 Type 317 Oscilloscope — $650.00, and 1 
Type 105 Square- Wave Generator — $325.00. 
Both instruments were purchased in 1960, 
but never used. J. George Rakonitz, 565 
Willow Road, Menlo Park, California. 

1 Type 517 Oscilloscope, s/n 738. Wyle 
Laboratory, 128 Maryland Avenue, El Seg- 
undo, California, Attn: Ray Prasta. 



MISSING INSTRUMENTS 



The “grey market” for oscilloscopes has evi- 
; dently sailed out of the doldrums and is 
stealing along at a good clip. Since the 
July issue of Service Scope, in which we 
had only one “lost” instrument to report, we 
have received notices of six pre.sumably 
stolen instruments. 

Our Long Island Field Office reports a 
C-12 Oscilloscope Camera and carrying 
case disappeared from the Pre.sbyterian 
Hospital. Mr. Sheridan, Chief of Security 
of the hospital, gives the serial number of 
this camera as 1474. The camera and case 
belong to the College of Physicians and 
Surgeons of Columbia University Radiology 
Research Lab and was purchased on an 
Atomic Energy Commission grant. 

Information regarding the whereabouts of 
this camera should be telephoned to Mr. 
Sheridan at 212-579-2145 or Dr. William 
Gross at 212-579-3545. 

Field Engineer Bill Lewis with our Chicago 
Field Office lost two o.scilloscopes plus 
plug-ins to car prowlers in the Des Plaines, 
Illinois, area. While Bill was assisting a 
customer to repair an instrument, thieves 
damaged a vent window, unlocked the car 
door and removed a Type 535 A Oscillo- 
scope, s/n 27138, with a Type CA Plug-In 
Unit, s/n 46850; and a Type 561 A Oscillo- 
scope, s/n 5984, with two Plug-In Units ; a 
Type 3.A75, s/n 415, and a Tvpe 3B3, s/n 
/ 147. 

Information regarding these instruments 
should be relayed to 3 ’our Tektronix Field 
Engineer or local field office. 



A Type 545 Oscilloscope, s/n 35888, along 
with a few other instruments totaling $4,000 
was removed from the laboratory of the 
Puget Sound Bridge and Dry Dock in 
Seattle, Washington. This loss occurred 
around the last of January of this year, 
but the information did not reach your 
editor until just recently. Ernie Hiser, 
Supervisor with the Puget Sound Bridge 
and Dry Dock company would appreciate 
hearing from anyone with information re- 
garding these missing instruments. 

A Type 317 Oscilloscope, s/n 1848, was ap- 
parently stolen from a motel in Kankakee, 
Indiana. This instrument is the property of 
the Shell Oil Co., 8500 North Michigan 
Road, Indianapolis 8, Indiana. Mr. George 
.Axmann, telephone number AX 1-7440, ext. 
62 is the man to contact if you have infor- 
mation regarding this instrument. 

Western Scientific of 1200 W. Olympic 
Boulevard in Los Angeles suffered the loss 
of two Tektronix instruments recently. A 
Type 107 Square Wave Generator, s/n 2298, 
and a Type 180A, s/n 9164, were apparently 
stolen out of one of their trucks. Western 
Scientific will appreciate any assistance our 
readers can give them in helping to locate 
these instruments. 

A very brief message from our Lathrup 
Village Field Office states succinctly that 
a Type 310A, s/n 017915, disappeared from 
the Toledo Scale Compan\^'s premises in 
Pomona, California. Despite the terseness 
of the message, we are sure the Toledo 
Scale people will appreciate any information 
>'ou have that will help them locate their 
oscilloscope. 



1 Type 570 Electron Tube Curve Tracer, 
s/n 5231. F. Andrews, Canadian Marconi 
Company, 90 Trenton Avenue, Montreal, 
Quebec, Canada. Phone RE 8-9441. 

1 T>q)e 532 Oscilloscope, s/ii 5100; 1 Type 
53G Plug-In Unit, s/n 100; and 1 cart. S. 
P. Dobisz, N.J.E. Corporation, 20 Boright 
Avenue, Kenilworth, New Jerse}\ 

1 Type 511 A 0.scilloscope. Make us an of- 
fer! Chief Engineer WPIX-TV, 220 E. 
42nd Street, New York, 17, New York. 
Phone : MU 2-6500. 

4 Type FM122 Low-Level Preamplifiers, 
s/n’s 6923, 6924, 6925, and 6926; and 1 
T}q)e FM125 Power Supply, s/n 1076. These 
instruments are practically new. They have 
seen only about one hour service and are in 
“original -equipment” condition except for 
lioles drilled in the back panel to accommo- 
date input and output connectors. Please 
direct your inquiries to John West, Tek- 
tronix, Inc., 442 Marrett Road, Lexington, 
Massachusetts. Telephone number is Volun- 
teer 2-7570. 



USED INSTRUMENTS WANTED 

1 Type 310 Oscilloscope. Please contact Mr. 
Griffin, Filmotype Corporation, 7500 Mc- 
Cormick Blvd., Skokie, Illinois. Phone: OR 
5-7210, Area Code 312. 



1 T\q:»e 514/AD or Type 531 Oscilloscope. 
Frank Stabile, 1560 Braude Avenue, Ana- 
heim, California. Phone : PR 4-5934. 



1 Type 51 5 A or Type 317 Oscilloscope. 
William Skidmore, 10756 Will worth Avenue, 
Los Angeles 24, California. Phone : GRanite 
3-0403. 



1 Type 51 5 A Oscilloscope. Joe De Michael, 
12 New Haven Avenue, Derby, Connecticut. 
Phone : RE 5-5253. 



1 T}q)e 502 Oscilloscope. Oliver W. Os- 
borne, American Geophysical & Instrument 
Co., 16440 S. Western Avenue, Gardena, 
California. Phone: FAculty 1-2634. 



1 Type 515 Oscilloscope. Tom Burroughs, 
557 Riford Road, Glen Ellyn, Illinois. 
Phone: 727-3441. 



1 TN'pe 515 or 5 MAD Oscilloscope. Instru- 
ment need not be in w^orking condition but 
should be in good mechanical condition and 
electrically repairable. Contact : Chuck Keat- 
ing, 23 S. E. 81st Street, Portland, Oregon, 
Phone : ALpine 3-9780. 
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By Geoff Gass 

Tektronix Staff Field Engineer 




M esh and frame- grid erf s have 
come into fairly zvide usage in the 
oscilloscope vndxistry in the last fezv 
years. The author oiitlmes the theory 
of their operation and the advantages 
and disadvantages from the oscillo- 
scope users point of viezv. 



The idea of interposing an electrostatic 
sliield between the post-deflection accelerator 
and the deflection plates of a ert has been 
around for sometime, as a means of in- 
creasing deflection sensitivity of a high- 
accelerating-potential crt. The British were 
among the earliest users of “mesh” ert’s 
in general-purpose laboratory oscilloscopes. 
One manufacturer (Marconi) has employed 
mesh tubes for several years now, producing 
instruments with 10 kv acceleration, yet hav- 
ing deflection amplifiers no more complex 
than might be required for a 4kv con- 
ventional pda (post-deflection-accelerator) 
crt. 

In the past two years, several American 
manufacturers also have begun to use mesh 
design — particularly in ert’s for wideband 
instruments where amplifier gain and volt- 
age swing are at a premium. The recently 
introduced Tektronix Type 647 Oscilloscope 
uses a highly-developed frame-grid design 
crt. This crt, housed in a very-compact and 
rugged instrument, provides 50 Me per- 
formance with 14 kv acceleration. 

The mesh or frame-grid is not, however, 
a magic cure-all for oscilloscope bandwidth. 



sensitivity, and scan (picture size) prob- 
lems. Its use in any given situation de- 
pends on the particular instrument -per- 
formance compromises that are allowable. 



In general, the bad effects of the mesh 
are larger spot-size, lower writing rate, and 
a shadow-pattern that can be seen on the 
phosphor when the spot is de focused. The 
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good effects are high sensitivity (for a 
given tube length and accelerating potential), 
less edge-de focus, and the possibility of 
using post-deflection acceleration in a rec- 
tangular crt — which has not as yet be- 
come practical in the conventional tube 
types. The mesh also allows the designer 
to obtain a fairly high level of performance 
in a relatively short crt, making for instru- 
ment compactness. 

How IT Works 

The mesh or frame-grid is an electro- 
static shield, just be^^ond the deflection plates 
in a crt, which performs two functions : It 
acts as a sl iield to prevent the post -deflec- 
tion accelerating fields from reacliing into 
the deflection plate structure and compress- 
ing the deflection (Figure 1), and it also 
acts as a ixM-fonning electrode to give 
a positive curvature to the accelerating fields 
(Figure 2), which may be used to cause 
an effective expansion or magnification of 
the deflection. The first of the.se effects 
results in a sensitivity increased by a factor 
of about two with a 10 kv tube, since the 
compression effect in the conventional tube 
is of this order. The expansion effect is 
determined by the curvature and placement 
of the mesh and the shaping of the acceler- 
ating field between the mesh and the phos- 
phor. Achievement of 10% to 40% de- 
flection magnification is possible from this 
latter effect. 

The entire concept is quite simple (in 
theory). An electron beam will always be 
accelerated in the direction of the highest 
potential gradient. In the conventional pda 



crt, the accelerating field of the post accel- 
erator (helix) reaches down well into the 
deflection structure; if the equipotential 
contours are plotted, it becomes immediately 
apj)arent that, because of the deformation 
of the field by the presence of the deflec- 
tion plates, the 1 ugliest gradient (shortest 
distance between equipotential lines) for a 
deflected beam is not in the direction of 
the original deflection, but at an angle 
tending back toward the center of the 
screen. 

Near the deflection plates, where the 
lieam has low energy, it is most easily bent 
by the curvature of the accelerating field. 
Out near the phosphor, where — because the 
voltage gradient of the helix stops about 
an inch short of the phosphor — the con- 
tours are bent in a wa\' to have a magni- 
fying effect on the beam, the beam already 
has so much energy that the incremental 
magnifying effect is negligible. The net 
effect in the conventional tube is compres- 
sion — a linear compression if the tube is 
properly constructed, not the nonlinear sort 
of compression for which a tube would be 
rejected. 

In the mesh -type crt, the mesh serves to 
shape the accelerating field so that the 
greatest accelerating potential gradient be- 
yond the mesh is pretty much in line with 
the angle of deflection. Thus, the beam 
is accelerated in the same direction as it 
has been deflected. If the field lines just 
outside the mesh have a radius of curvature 
shorter than the distance from the mesh to 
the effective center of deflection in a given 
plane, the deflection will be magnified in 
that plane. If the radius of curvature is 



longer, there will be compression, though 
not as much as in a conventional tube. 

It is possible to shape the mesh and helix 
in such a way that the post -deflection ac- 
celerating field has almost no effect on 
deflection sensitivity, the deflected beam 
entering the acceleration field at nearly a 
right angle to the equipotential lines for 
all angles of deflection. In a case like this 
a scope could be equipped with a front 
panel “-rFIi volts” knob, and the post ac- 
celerator varied at will. However, there 
are other problem.s outlined below which 
make this less than practical. 

Since to obtain optimum performance a 
very high-gradient accelerating field must 
be used with a mesh -type tube, it is possi- 
ble to compress the accelerating helix into 
a very short distance . . . such as the round 
portion of the neck of a rectangular- face- 
pi ate crt, leaving the forward rectangular 
portion of the crt a “free-fall” area, where 
there is no further acceleration (the face- 
plate and interior of the crt are maintained 
at the maximum acceleration voltage). 

Mesh versus Fra me- Grid 

The post-acceleration screen may be made 
by eitlier of two techniques, known as mesh 
and frame grid. 

The mesh — though it is more often an 
electro- formed foil structure than an actual 
wire gauze — has conductors running in 
both planes. Its chief advantage is that it 
ma 3 ^ be curved in both planes, spherically or 
with unequal curvature as described, to ob- 
tain the desired acceleration field curvature. 
It also is capable of dissipating more readily 
the heat generated b\' interception of the 
beam. Its chief disadvantage is that it does 
intercept more (40 to 50% in a t^- pi cal 
500 lines/inch structure) of the beam cur- 
rent, and it defocuses the spot in both the 
X and Y axes. 

The frame- grid has conductors running in 
one direction onlj^ Its chief advantage is 
substantially less beam intercept for a given 
spacing (around 15% in a typical 500 lines/ 
inch structure) and spot de focusing in one 
axis onl 3 ^ Its chief disadvantage is that it 
can be curved in one plane onhq requiring 
special techniques to obtain optimum deflec- 
tion sensitivity in both planes. 

LotITATIONS 

As mentioned before, the nie.sh idea is 
not a cure-all. For all of its advantages in 
gaining deflection amplifier simplicity and 
low power for wi de-band, wide- scan, high- 
performance scopes, the mesh tube suffers 
from some basic limitations which require 
accepting some fairly serious compromises 
in its use. Primaril^q the limitations relate 
to spot size and writing rate. 

The chief purpose (other than the p.sy- 
chological one) in providing a high -potential 
post-deflection accelerator is to put beam 
power into the spot. To the extent that the 
tube designer can increase beam power 
(kv X iL<\) faster than he increases spot 
size (area), he increases both visual and 
photographic writing rate . . . at least over 
a nominal range. 

The mesh not only intercepts 15 to 50 
percent of the available beam current, as 





FIGURE 1. CONVENTIONAL PDA CRT. 

Curvature of equipotential lines of accelerating field near deflection structure reduces effective 
deflection by refracting beam. Beam tends to cross equipotential line at 90° angle. Actual refrac- 
tion effect depends on energy (acceleration) of the beam before it reaches the ‘‘line’’. Thus, the 
“positive” curvature at the phosphor (caused by the “fringing” of the helix field here) has little 
magnifying effect; curvature at plates has large compression effect. 
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FIGURE 2. MESH-TYPE CRT. 

Very strong accelerating field gradient may be used, since mesh prevents accelerating field 

from penetrating deflection area. Depending on radius of mesh and equipotential line curvature, 

magnification of deflection may be obtained. Magnification occurs when radius of mesh and field 

curvature is less than distance from mesh to center of deflection. 
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FIGURE 3. ACCELERATION FIELD OF THE MESH STRUCTURE, 

Small beam-defocusing lenses form at each mesh aperture. The larger the aperture or the 
higher the field gradient, the worse the defocusing. The effect is exaggerated and simplified here; 
typically, beam may cover 15-20 apertures; spot size will increase by a factor of 2 in perhaps 8" 
throw. Frame-grid causes this type of defocusing in one axis only. 



mentioned above, but it also provides a 
larger spot (under the same general con- 
ditions) than the conventional pda tube, for 
two reasons: 

(1) Lack of compression: The same com- 
pressing effect the post-accelerator field 
had on the deflection, it also had on the 
spot size. Reduce this compression ef- 
fect, and the spot grows larger*. 

(2) Accelerating fields penetrating the 

mesh : The spacing of the wires or 

conductors of the mesh is made veiw' 
close, for two reasons: (a) The mesh 

itself tends to throw a shadow pattern 
on the screen, so this pattern should 
be made as fine as possible; and (b) 
the larger the holes in the mesh, tlie 
deeper the accelerating fields may pen- 

* To this extent, adding the mesh lias about 
the same effect as lengihenmg the ert in 
the area beyond the deflection plates. A 
“long- throw” ert has greater effective de- 
flection sensitivity, a larger spot, and poorer 
writing rate than a “short -throw” ert, otlier 
parameters held equal. Most of both the 
good and bad effects, then, of a mesli tube 
can be achieved in a long-throw ert, pro- 
vided that length is no problem. 



etrate through the mesh into the de- 
flection area. The effect of this pene- 
tration (Figure 3) is defocusing of 
the spot by accelerating different parts 
of the beam in different directions. The 
closer the spacing of the conductors of 
the mesh, the less penetration a given 
gradient field will have, and hence 
the less defocusing of the spot. Un- 
fortunately, at just the point where 
the spacing is correct for 0% de- 
fociising, the beam intercept by the 
mesh is 100%, and there's no spot. 
So some compromise between beam 
intercept, mesh spacing, and acceler- 
ating field gradient must be arrived 
at which will provide usable spot size 
and writing rate. 



Compromise operating conditions : Be- 

cause of the spot size and writing rate 
problems, it is pointless simply to add a 
mesli to an existing ert design so as to 
be able to advertise a high accelerating 
potential. With all other parameters held 
ecpial, adding a mesh to a ert, increasing 
its deflection sensitivity by a factor of 
(say) 3, will cause on the order of a 4 
times increase in spot size and an even 
greater reduction in writing rate. 



To recover the original desirable ert 
characteristics, it is generally necessary to 
do three things : 

(1) Increase gun voltage (cathode-to-de- 
flection-plates) for a better “original” 
spot size, 

(2) Increase cathode “loading” (milliam- 
peres per cm" of usable cathode area) 
by increasing the effective Gm or chang- 
ing the cutoff voltage of the ert, so 
that more beam current is available, 

(3) Increase the post acceleration potential, 
to increase the number of watts per 
cm" delivered to the spot on the phos- 
phor. 

By the optimum utilization of these three 
techniques together, a mesh ert design with 
overall performance comparable to that of 
a conventional design can be obtained, to- 
gether with the mesh tube’s advantages of 
possible short length, high sensitivity, and 
adaptability to rectangular (space-saving) 
format. But none of the mesh tube’s ap- 
parent advantages can be individually max- 
imized without severe sacrifices in one 
or more of tlie normally desirable charac- 
teristics of writing rate, spot size, good 
geometry, and low power supply (heater 
and accelerator) requirements. 

Miscellaneous Characteristics 

Flare : Deflection-plate bounce in a mesh- 
type ert produces much more even illumina- 
tion of the phosphor than in a conventional 
tube, because of the scattering effect the 
mesh has on electrons arriving from odd 
angles. The flare characteristics is some- 
times useful for p re- fogging the phosphor 
and film for photography. 

Shadow Pattern : Figure 3 shows how the 
mesh tends to defocus the spot by produc- 
ing a convergence and crossover short of 
the screen. This applies, of course, to a 
spot which is properly focused. By chang- 
ing focus, the beam can be caused to enter 
the mesh at the diverging angle which will 
just compensate for the lens effect of the 
mesh apertures, putting the convergence out 
to the plane of the phosphor. The result 
is a . large, de focused spot containing a 
fairly well -focused image of the mesh. 



ANALYZING SYSTEM MECHANICS AND IMPROVING 
MECHANICAL DESIGN WITH 



CATHODE-RAY OSCILLOSCOPES 



“Oscilloscopes are versatile engineering 
tools for shock and vibration analysis, bear- 
ing and lubrication studies, and virtually 
eveiw other area of mechanical research and 
development. They are basically electronic 
graph-drawing instruments capable of han- 
dling and displaying events or signals one 
billion limes too fast for display on meters, 
recorders and similar mechanical devices. 

The commercial availability of trans- 
ducers for conversion of mechanical, ther- 
mal, optical and cliemical phenomena into 
electrical signals has extended the utility 
of the oscilloscope well beyond the electri- 
cal industry. This article analyzes the re- 
lationship between an incident and a sys- 



tem response in terms of mechanical engi- 
neering problems, the available measuring- 
tools, the information needed for planning 
and evaluating data, and gives an indication 
of system costs and some practical examples 
of oscilloscope measurements”. 

In this manner. Will Marsh, Tektronix 
Staff Engineer and autlior of the article 
“Analyzing System Mechanics and Improv- 
ing Mechanical Design with Cathode- Ray 
Oscilloscopes” introduces his subject to 
readers of “Machine Design”. The article 
appeared in the June 6, 1963 issue of that 
magazine. 



People in the mechanical industry are be- 
coming increasingly aware of the possibili- 
ties of an oscilloscope as a means of ob- 
taining precise (and sometimes otherwise 
unobtainable) information. For such for- 
ward thinking people, WtU’s article carries 
a special appeal. 

Reprints are available from your Tek- 
tronix Field Engineer of local Field Of- 
fice (.see list of Tektronix Field Offices 
on page 7 of this Service Scope). 

(REPRINT AVAILABLE) 
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TYPE 3A74 FOUR-TRACE AMPLIFIER 
UNIT — GRID-TO-PLATE SHORT 

A grid" tO“pl ate short can develop in 
V533B (a 6DJ8 tube) in the T}i)e 3A74 
Unit and cause considerable damage to the 
unit by taking out several diodes, resistors 
and transistors. Replacing R593, a 1 k, 
w, 10% resistor (in the plate circuit of 
V533B) with a 10 k, w, 10% resistor 
will limit the average plate current to 30 ma. 

This information applies to all Type 3 A 74 
units presently in the field. Serial number 
of the unit in which the factory -in stalled 
mod became effective will be announced 
later. 



TYPE 561 and RM561 OSCILLO- 
SCOPES -- INTERMITTENT INTEN- 
SITY MODULATION 

Some Type 561 and T}'pe RM561 Oscillo- 
scopes can develop an intermittent-intensity- 
modiilation problem. The problem stems 
from R842, a 12 meg, 2 w, precision resistor 
in the crt high-voltage-divkler string. When 
R842 goes out completely, the operator will 
have no control over the intensity; the 
beam will be full on. R842 is rated at 2 kv. 
At turn-on time the voltage across R842 
goes up to 2.5 kv and some of these re- 
sistors just can’t stand it. Replacing R842 
with a Pyrofilm, 12 meg, 2 w, precision 
resistor will overcome this problem. The 
Pyrofilms carry the same Tektronix part 
number (310-568) as the originally installed 
resistor, but are rated at 5 kv. 

This information applies to Type 561 's 
below s/n 1165 and Type RM561’s below 
s/n 230. 

WELWYN RESISTORS — Handle With 
Care 

Welwyn precision resistors can be easily 
damaged if the}^ are handled with pliers. 
Puncture of the moisture- resistant lacquer 
and pressure on the resistance element and 
ceramic substrate from holding the re- 
sistor body with pliers have been identified 
as the cause of a number of failures. It’s 
a good idea to avoid holding any brand 
of carbon film resistors by the body with 
pliers. 

TYPE 3S76 DUAL-TRACE SAMPLING 
UNIT 

The 0.1 /if, 200 volt discap used in four 
locations (C1073, C2073, C2277 and C2279) 
in early Type 3S76 Dual -Trace Sampling 
Units has developed a reliability problem. 
These discaps show a tendency to short 
out. When they do, damage to the high- 
voltage supplies can occur — sometimes to 
a considerable extent. 



None of the other presently available dis- 
caps of this value and rating will fit phys- 
ically, so we’ve changed the values. Cl 073 
and C2073 now use a 0.02 //f, 500 volt dis- 
cap (Tektronix part number 283-006) ; 
C2277 and C2279 now use a 0.001 /if, 200 
volt discap (Tektronix part number 283- 
067). 

This information applies to Type 3S76 
Units with s/n’s below 409 with some ex- 
ceptions. A physical check of Cl 073, C2073, 
C2277 and (22279 will help to determine if 
your instrument is one of these exceptions. 



LOW-FREQUENCY COMPENSATION 
— DON’T OVERDO IT! 

A slight misadjustment of the low-fre- 
quency compensation in a Type L, Type 
ML or T 3 'pe B Plug-In Unit or a lA-pe 
310, INpe 310 A, Type 316 or l^pe 317 
Oscilloscope ma)^ cause a low-frequency 
boost of as much as 3 db at about 5 cps 
when a probe is used. 

The problem is this : There are tzoo 

capacitors in the circuit — the input coupling- 
capacitor and the preamplifier coupling ca- 
pacitor. The LF Comp, or LF Adj. con- 
trols are intended to compensate only for 
the second (preamplifier) time constant so 
the response will be substantially the same 
as in the regular AC-coupled positions. If 
the compensation is adjusted so as to parti- 
ally correct the input time constant as well, 
the use of a probe (which increases the 
input time constant) will result in low- 
frequency boost. A good procedure is to 
use a strap to short out the input-coupling 
capacitor while adjusting the LF compensa- 
tion. Then remove the strap and double- 
check the result by observing a 50 cps square 
wave using a lOX probe. Set the VOLTS/ 
DIV. control in the most sensitive position 
and the INPUT control in the AC posi- 
tion. There should be no upward tilt to 
the waveform, though the flat -top may be 
somewhat bowed. This bowing represents 
a small, but not critical, boost at low fre- 
quencies. Those interested in accurate low- 
frequency measurements should be careful 
to verify the exact roll-off and LF boost 
characteristics of the particular oscilloscope 
used, if AC coupling is required. 

The square- wave adjustment as outlined is 
probably the best approach ; however, we 
still experience a rise at approximately 5 cps 
when doing it this way. Those interested 
in low-frequency sine- wave response, may 
want to adjust accordingly. 

The two plate-load decoupling elect ro- 
ly tics (LF boost circuit) in the XIO am- 
plifier also act to complicate the multiplier 
time constant. 



Many persons prefer the simplicity of 
using a lOX probe in the first place. This 
is all right, but the “straight-in” (no probe) 
operation should be double-checked after- 
wards. 

TYPE 6R1 DIGITAL UNIT —SPURI- 
OUS COUNT 



START MULTI 
COL Q L5-5 ^ 




STOP MULTI 
/ COL Q 65-5 



OUTPUT R 13-5 



20 UOLTS 



C UOLTS 



BASE Q 7A-5 




CUT OFF BY A UOLTS 



2U UOLTS 



20 UOLTS 

CDiMOUCTIDN P0H\tT 




Type 6Rl’s employing a Model 2 A, Series 
5, Master Gate circuit board will produce 
a spurious (one extra) count during the 
reset phase of the Start and Stop multi- 
vibrators. This shows up when making- 
voltage measurements with either a Type 
3S76 Dual-Trace Sampling Unit or a Type 
3 S3 Sampling-Probe Dual-Trace Unit in 
the vertical plug-in compartment of the 
Type 567 Digital Readout Oscilloscope. It 
is most apparent when the MV/DIV con- 
trol of these units is in any (except the 
most sensitive) “5” position. 

To check for this problem, apply a wave- 
form to the A or the B INPUT of the Type 
3S76 (or IXpe 3S3) unit in the Type 567 
and set the unit’s MV/DIV control to a 
“5” position. Set the RESOLUTION con- 
trol of the 6R1 to AVERAGE OF 10 
SWEEPS — HI. Depending upon the IN- 
PUT (A or B) to which you applied the 
waveform, reverse the polar it v of the A 
Y^OLTAGE or the B VOLTAGE switch of 
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the 6R1. The Nixie tubes should then .read 
0000 — if they do not, the Master Gate is 
producing a spurious count. 

To correct this condition, — and we sug- 
gest here that you refer to tlie Master 
Gate schematic in the Type 6R1 manual — 
replace R72, a 1 meg, ^ w, 5% resistor 
with a 470 k, J /2 w, 5% resistor (Tektronix 
part number 301-474). 

This problem stems from the fact that 



the Start multivibrator does not completely 
reset before the Stop multivibrator and 
produces a 6 volt negative pulse across the 
R13 resistor. The transistor Q74 is re- 
verse biased by about 4 volts which is not 
enough to stop the 6 volt pulse. Changing 
the R72 resistor from 1 meg to 470 k raises 
the bias of Q74 to 9 volts enabling it to 
effectively block the 6 volt pulse and thus 
overcome the problem. 




The VP-1 is a 50-ohm coaxial tee with 
GR fittings on each end and a plastic center 
collar. The collar is formed to provide a 
branch for insertion of P6034 lOX or P6035 
lOOX low-capacity, miniature passive probes. 

The VP-1 is designed for use with a 
Type 4S1, Type 4S2 or Type 3S76 Pulse- 
Sampling Plug-In Unit as a means of ac- 
cess to a 50-ohm system with minimum 



disturbance of the 50-ohm environment. The 
reflection coefficient with either probe in 
use is less than 2% (capacitive) and with- 
out a probe, 2 to 3% (inductive) as seen 
on a Type 4S1. 

Some of the more obvious uses of tlie 
VP-1 are as a trigger takeoff and in- 
spection of signals within a 50- ohm 
system. 



SC-87 DR!-fiLM EFFECTIVE 
IN RETARDING METAL-iON MIGRATION 



Recent tests indicate that treatment of 
(new) ceramic strips with General Electric 
SC -87 Dri-Film will retard metal -ion migra- 
tion by a factor of 6 or more under condi- 
tions of high humidity and atmospheric con- 
tamination such as some customers must 
contend with in their laboratories. 

Our Manufacturing Staff Engineers eval- 
uated sample strips in a high humidity at- 
mosphere containing hydrogen sulfide, using- 
no treatment (control group), using silicone 
grease, and using SC-87. Only one failure 
was noted in 18 days in five 11-notch strips 
using SC-87. Three failures (e.g., 1/16 
amp fuses blown at 360 v) occurred in the 
three silicone- grease treated samples ; five 
failures in the five untreated samples, in the 
first seven days. The one failure on the 18th 
day in the SC- 87 group was easily cured 
by wiping off a track of black sulfide be- 
tween notches with a dry cotton swab. The 
dramatic success of the SC-87 was demon- 
strated by the fact that the average notch- 
to- notch resistance of the SC -8 7 treated 
strips was significantly higher after the test 
than that of the untreated strips before the 
test. 

Accordingly, we suggest that a customer 
planning to use a new instrument in a cor- 
rosive atmosphere under high humidity, 
treat the strips with SC -87 prior to use. 

There are some precautions to observe : 

(1) SC-87 forms its protective film by com- 



bining with atmospheric moisture and chang- 
ing its chemical composition. During this 
process, it gives off hydrochloric acid. 
Therefore, the work area where it's ap- 
plied should be well ventilated, and the 
treated instrument should be allowed to sit 
for about 24 hours before turning on. This 
allows the reaction to complete itself. Pre- 
cautions should be taken not to get SC -8 7 
or its fumes on the skin or in the eyes. 

(2) The treatment will be most effective 
only on a nezo instrument. Where metal-ion 
migration has already attacked an instru- 
ment, the affected area between strip notches 
can be cleaned in many cases using soap 
and water (e.g., tooth paste) abrasive, if 
rinsed well. The strips should be clean and 
dry before application of the Dri-Film. 

(3) The SC -87 should not be allowed to 
flow onto or into pots, variable capacitors, 
or switches. 

To treat a scope, simply brush the SC-87 
along the tops of the ceramic strips. It will 
flow down between the notches to form 
a quite durable film after the reaction is 
complete. The reaction will tend to dis- 
color the tinning of the ceramic strip 
notches, but will have no other deleterious 
effects. 

SC-87 is available through General Elec- 
tric Silicone Products Department distribu- 
tion offices in most major cities. 



NEW FIELD MODIFICATION KITS 
TYPE 132 and TYPE 133 PLUG-IN 
UNIT POWER SUPPLIES — SPLIT- 
PI-IASE FAN MOTORS 

This modification will reduce ac noise 
apparent when using these power supplies 
with Type Q Plug-In Units. It replaces 
the original induction -type fan motor with 
a split-phase (capacitor start-run) fan 
motor. The modification applies to Type 
132’s with serial numbers 101 to 940 and 
Type 133’s with serial numbers 101 to 440. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-310. Price $13.15. 

TYPE Z PLUG-IN UNIT — HOOK 
REDUCTION 

This modification reduces “hook” dis- 
tortion of the signal and improves turret- 
attenuator reliability. It replaces the AC- DC 
switches, PUSH-TO-DISCONNECT SIG- 
NAL switches and the in put -tube sockets 
with components made of material with 
less tendency to impart hook to the signal. 

It also replaces plastic tubing with Teflon 
tubing, adds ground springs to ground the 
turret-attenuator contacts on each side of 
the contacts in use and provides a different 
type of turret -attenuator switching contact. 

The modification applies to T^’pe Z units 
with serial numbers 101 to 3563. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-313. Price $29.00. 

TYPE 581 AND TYPE 585 OSCILLO- 
SCOPES* — IMPROVED TUNNEL 
DIODE TRIGGER 

This modification extends the triggering 
range of these instruments out to 100 Me 
or more. It installs an improved tunnel 
diode circuit and TRIGGERING SOURCE 
switch. The new switch incorporates three 
new (for the Type 580 Series) triggering- 
modes — INT and EXT FIY SYNC and 
I NT AC LF REJ. The INT and EXT 
HF SYNC modes accept and trigger 
Stahl v on signals above approximately 
100 Me. The INT AC LF REJ mode af- 
fords stable triggering on signals above 
15 kc that contain low-frequency noise or 
line-frequency pickup. It also prevents trace 
dimming when operating multi-trace plug- 
ins in the ALTERNATE mode. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-322. Price: $65.00. 

*NOTE: This modification replaces Tun- 
nel Diode Modification Kits, Tektronix 
part numbers 040-242 and 040-270. It ap- 
plies to Type 581 instruments, serial num- 
bers 101 to 510 and Type 585 instruments, 
serial numbers 101 to 1070, that have not ~ 
we repeat, have not — previously been modi- 
fied by the installation of kits 040-242 or 
040-270. 

If your instrument is in these respective 
serial -number ranges (and has had modifi- 
cation kit 040-242 or 040-270 installed) , you 
may update it by installing a Triggering- 
Source Switch and Improved TD Trigger 
Modification Kit, Tektronix part number 
040-323, which is described elsewhere in 
this column. 
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type 581 AND TYPE 585 OSCILLO- 
SCOPES — IMPROVED VERTICAL 
OUTPUT TUBES 

This modification will decrease compres- 
sion in the vertical-amplifier output stage. 
It replaces V1284, a dual-tetrode 7699 tube, 
with two single-pentode 7788 tubes. It also 
replaces the crt support-bracket assembh'. 

The modification applies to Type 581 ’s 
with Serial numbers 101 to 1500 and Type 
585’s with serial numbers 101 to 5000. 
However, on the following instruments, a 
Vertical Amplifier Standardization modifica- 
tion kit, Tektronix part number 040-275, 
must first be installed : Type 581, serial 

numbers 101 to 949 and Type 585, serial 
numbers 101 to 2584. 

Order through your Tektronix Field En- 
gineer or local Field Office, Specify Tek- 
tronix part number 040-324. Price $64.05. 

TYPE 581 AND TYPE 585 OSCILLO- 
SCOPES — TRIGGERING SOURCE 
SWITCPI AND IMPROVED TD TRIG- 
GER 

Tlie benefits and changes offered by this 
modification kit are the same as those 
described above for the Improved Tunnel 
Diode Trigger Modification Kit, 

It was designed for Type 581 Oscillo- 
scopes with serial numbers 510 to 1500 
and for Type 585 Oscilloscopes with serial 




Three Tvpe D High -Gain DC Differ- 
ential Units, s/n’s 19681,- 19682, and 19683, 
shipped by Tektronix, Inc., Beaverton, Ore- 
gon, apparently never arrived at their des- 
tination. They were new instruments des- 
tined for the George C. Marshall Space 
Flight Center in Huntsville, Alabama. The 
Receiving Department at the Flight Center 
has no record of their arrival. 

Tektronix, Inc. would appreciate hearing 
from anyone with information on the where- 
abouts of these instruments. Information 
can be reported to any Tektronix Field Of- 
fice or to Jim Leep, Customer Service De- 
partment, Tektronix, Inc., P. O. Box 500, 
Beaverton, Oregon. Telephone: Mitchell 

4-0161. 



numbers 1071 to 5000. These instruments 
will not accept the Improved Tunnel Diode 
T rigger Modi f ication Kit . 

The Triggering-Source-Switch-and-lm- 
proved-TD -Trigger modification kit is in- 
tended also for Type 58 Fs, s/ids 101 to 510 
and Type 5S5bs, s/n’s 101 to 1070 that have 
had eitlier the 050-242 or the 040-270 Tun- 
nel Diode modification kit installed. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-323. Price: $60.00. 



TYPE 5T1 TIMING UNIT — TIME 
EXPANDER AND GENERAL IM- 
PROVEMENTS 

This modification improves the Type 
5T1, serial numbers 101 to 996, so as to 
nearly correspond to the performance of 
the more recent 5T1A. It does this by re- 
placing the Fast Ramp board with a new 
one which provides improved linearity of 
the Fast Ramp waveform, and, by the ad- 
dition of several new features which are : 
a TIME EXPANDER control, two new 
positions (“1000” and “TIMED”) for the 
SAMPLES/CAI control, a front -pan el 
screwdriver -ad justed potentiometer and a 
TIMED POSITION control. 

The TIME EXPANDER control is in- 
corporated into a switch assemldy in which 
it is concentric with the SWEEP MODE 



The Electronic Industries Association re- 
ports the loss of a Type Z Plug-In LJnit, 
serial number 374. This instrument was 
lost in a shipment and Mr. G. F. Holm, 
Manager of El A in Newark, New Jerse>^ 
asks that an\" information regarding its 
present location be directed to him. The 
street address is 32 Green Street. Tele- 
phone: MArket 3-7245. 

Two Type 503 Oscilloscopes, serial num- 
bers 1467 and 1882, were reported stolen 
from the International Rectifier Corpora- 
tion in Los Angeles, California. 

Anyone witli information on the where- 
abouts of tliese instruments should contact 
Detective Hotchkiss of the West Los An- 
geles Detective Bureau, Los Angeles Police 
Department, Los Angeles, California. The 
Police Report number is 63-507176. 

A Type 310 A Oscilloscope, serial num- 
ber 014069, IBM numl)er 892740, disap- 
peared from Clarkson College in Potsdam, 
New York. This instrument, which dis- 
appeared sometime in April of this year, 
may show up in the Allxu-iy, New ■SX;>rk 
areti. 

VI r. Blarry Viang of the International 
Business Vlachine Corporation at 1512 Gen- 
esee Street in Utica, New York, would 
appreciate hearing from aiwone with in- 



control. The TIME EXPANDER supplies 
XI, XIO, X20, X50 and XI 00 “magnifica- 
tion” which does not affect the number of 
samples per centimeter. 

The SAMPLES/CM control with its two 
added positions, “1000” and “TIMED”, is 
incorporated into a new switch assembly 
in which it is concentric with the new 
TIMED POSITION control. This new 
assembly replaces the old assembly in which 
the SAVIPLES/CM control was concentric 
with the TIME DELAY (N SEC) control 
— now obsolete. The “1000” of the SAAI- 
IT.^ES/CVI control provides greater dis- 
play resolution. The “TIMED” position 
provides slow scan for use witli Y-T rec- 
orders, and, the new front-panel screw- 
driver-adjusted potentiometer supplies a 
means of adjusting the TIMED scan speed 
between the approximate limits of 5 to 8 
sec/cm. 

The new TIME POSITION control pro- 
vides the variable time delay for time posi- 
tioning the signal display when the TIME 
EXPANDER control is in the XI posi- 
tion. In the other expanded positions, the 
TIME POSITION control moves the time 
“window” anywhere witliin the original 
range displayed in the XI position. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-311. Price; $152.00. 



formation on the whereabouts of this in- 
strument. 

Here is another Type 310 Oscilloscope 
reported as stolen. This one by the Inter- 
national Business Machine Corporation in 
New Orleans. Serial number of this in- 
strument is 3098. It disappeared from the 
automobile of one of their Engineers on 
July 12, 1963. The supposed theft occurred 
in the New Orleans area. 

Information regarding the location of this 
instrument should be passed on to Mr. Lou 
Russell, IBM Corporation, 2640 Canal 
vStreet, New Orleans, Louisiana. Telephone: 
504-523-2011. 

The convenient portability of the Type 
310 makes this oscilloscope the preferred 
choice of many legitimate operators. It ap- 
parently also offers an irresistal)le appeal 
to those unwelcome human parasites wlio 
“borrow” or appropriate an oscilloscope 
witiiout the owner’s consent. 

A\i any rate, still another IXpe 310A, 
serial number 013632, has come up missing. 
This one disappeared from the Naval Air 
Station at N^orth Island. Any information 
regarding this instrument should be for- 
warded to tlie O & R Security Officer, 
Naval Air Station, North Island, San 
Diego 35, California. Telephone: 714-435- 
6611. 
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USED INSTRUMENTS FOR SALE 

1 Type 561A, s/n 6255, 1 Type 67 Time 
Base Unit, s/n 2932, 1 Type 3A1 Dual- 
Trace Unit, s/n 1218 and 2 probes. Total 
price : $800.00. Equipment has seen 661 

1 lours of service. Mr. Jenkins, Don Lee 
Electronics, Vallejo, California. Telephone: 
MI 2-8983. 

1 Type 533 Oscilloscope, s/n 1783 and 1 
Type 53C/54C Plug-In Unit, s/n 20259. 
\Yilliams and Associates, 4971 Jackson 
Street, Denver, Colorado. 

1 Type 503 Oscilloscope, s/n 478. Howell 
Run ion, 2525 North Pershing Avenue, 
Stockton, California. Telephone: PIO 2- 
8808. 

1 Type 561 Oscilloscope, s/n 648; 1 Type 
63 Differential Amplifier Unit, s/n 508; 
1 Type 75 Amplifier Emit, s/n 355 ; 1 

Type 67 Time- Base Unit, s/n 988 and 1 
Type 203 Scope- Mobile® Cart, Original 
price of this complete outfit was $1004.50. 
Will sell for 10% off original price. Mr. 
Ben Ambrosio, BFA Products, 5711 Melvin 
Ave., Tarzana, California. Phone: DI 3- 
3346. 



USED INSTRUMENTS WANTED 

1 Type 531, Type 533, Type 515, or Type 
316 Oscilloscope. Harvey Minsk, Soutli- 
eastern Engineering Service, 1356 Carolyn 
Drive, N. E., Atlanta 6, Georgia. 

1 Type 515 or Type 516 Oscilloscope. Ray 
Dakin, Correlated Data Systems, 1007 Air- 
way, Glendale 1, California. 

1 Type 121 Wide Band Preamplifier. 
Responses to this ad should be directed to 
George Lodge, Tektronix, Inc., 3601 South 
Dixie Drive, Dayton 39, Ohio. 

1 lApe 575 Transistor Curve- Tracer 0.scil- 
loscope. Tennelec Instrument Company, 
Inc., Box 964 Oak Ridge, Tennessee. 

1 Type 531 or Type 533 Oscilloscope and 
a CA Plug-In Unit or, 

1 Type 516 Oscilloscope. Contact Dick 
Martin, P. O. Box 5824, Tucson, Arizona. 
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Kansas City... .5920 Nall, Missiosi. , -Telex 04-2.321 Telephone: (913) HEdrick 2-1003 

St. Louis .Area: ENlcrprisc 6510 

® Bahimore, . . 1045 Taylor .Avoitue, Tow.son 4... Telex 087-804 Telephone: (.301 )S25-9000 

® Boston... -1-12 Manen lui:ul, i.exingion 7.3... Telex 094-6.301 Telephone: (617) VOiunteer 2-7570 

® Detroit... 2 7 3 1 0 Southfield Ro:id , I .. a 1 1 1 r u p \ ’ i 1 1 a go ... 'Pel c x 023 -4 00 'P cl cpI t one : ( 3 1 3 ) El .. g in 7 - 0040 

Minneapolis... 3307 Vera Cruz Ave. Norllt, Suite 102. Minneapolis. . .Telex 029-699 .. Telephone : (612)5.33-2727 

• Albuquerque... 509 San Mateo Blvd., N.E.. Albuquerque. . .Telex 074-621 Telepiione: (505) 268 -.3.37 3 

Southern New Mexico Area: Enterprise 678 

Pm 1 1 alo . . . 96 1 M a ry v:ile 19 rive, lin f f :i lo 25 . . . 'Pclc x 09 1 -2.38 Telepiione : ( 7 1 6 ) N F 3-786 1 

® Endicou... .3214 Watson Blvd., End well ... Telex 09.3-796 Telephone: (607) Pioneer 8-8291 

® Poughkeepsie .. . 12 Raymond .Ave., Poughkeepsie ... Telex 096-4724 Telepiione: (9!4)GRovcr 1-.3620 

• Syracuse... East Molloy Ro:id & Pickard Drive, 1^.0. Box 155, Syracu-sc 11 

'Pe 1 e X 093-7.39 .... Tel e phone : ( 3 1 5 ) G L cn v i c w 4 - 2-426 
® .Vete York City and Lonq Island... 125 M incola .Avenue, Roslvn Heights, L, I.. N. Y. 11577 

Telex: ROSN 01-26M6 .... Telepiione (516) HT -4-2.300 

• Northern N. J, ... 400 CliestniU .Street, Union, New Jersey ... Telex 01-26.34-4 Telephone: (201)688-2222 

County, IVestern Conn., Hudson River Un//cv. . . 144 Morgan Street, Stamford, Connecticut 

Telex 096-5917 Telephone: (203) DA vis 5 -.381 7 

® Grcenslioro . . . 18.38 Banking Street, Greensboro .... Telex 057-417 Telepiione: (919)274-4647 

Cl e vel a n<l . . . 1503 B rook [la r k R o:id . C ! c vel :in d 9 ... 'Pole x 098- 52 1 7 T e 1 e phon e : (216)351-8414 

Dayton... 3601 South Dixie Drive, Daymn .39... Tel ex 02-8825 Telephone: (513)29.3-4175 

® Poriktnd... 4020 S.W. 114th Avenue, Beaverton ... Telex 0.36-691 Telephone: (.50.3) Mhchctl -4-9169 

® P 1 1 i 1 a< Icl jih i a . , . 1 26 P r csi d cm i a 1 Blvd. North, Ba 1 a - C y n w y d . , .Telex 08.3 -42 1 8 . Telephone: ( 2 15 ) T F,nn y son 9-3111 

1 ’ i u shu r gh . . . 3834 Northern 1 h ke , M ot iroc v i 1 1 e . . . To 1 e x 086-761 Tel ephone : ( 4 1 2 ) 3 5 1 - 3345 

® Dallas... 6211 Denton Drive. P.O. Box 357:6, Dallas .35... Telex 073-2217 . Telepiione : (21-4) ELcct wood 7-9127 

Houston... 2605 Westgrove Lane, Houston 27... Telex 077-494 Tedophone: (7L3)MOhawk 7-8.301 

.-Mistin Area: ENlcrprisc 3093 
New Orleans, Louisiana Area; \VX 3093 

Seattle... 2.36 S.W. L5.3rd .St.. Seattle 66... Telex 0.32-48S Telephone: (206)CHeriy 3-2-494 

® Washington, D.C... -4205 Evergreen Lane, Annandale, \hrginia . . .TWX : 703-2.56-8902. . .Telex 089-515 

Telephone: (703) 256-6700 
Norfolk, Porlsmomli, and Hampton, Virginia Area: Enterprise 741 



Area Code Numbers are in parenthesis preceding telephone number. 



TEKTRONIX CANADA LTD. 

QUEBEC Montreal... .3285 Cavendish Blvd.. Suite 160, Montreal 28. . -Telex : 01-2867 ...... Telephone: (514)489-9707 

ONTARIO ® Toronto... -4.A Finch Ave. Wc.st, Willowdalc. . .Telex : 02-2776 Telephone: Toronto (416)225-1138 

• ALSO REPAIR CENTER 

Tektronix Ltd., P. O. Box 36, St. Peter Port, Guernsey, Channel Ishnds; Telephone: Central 3411, Telex: 4119.3, or Cable: TEKTRONIX 
GUERNSEY. 

Tektronix Overseas Distributors in 27 countries. 
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Recently, Tektronix, Inc. made the de- 
cision to convert all Tektronix instruments 
having UHF connectors to BNC connectors 
and, also, that Tektronix instruments of 
future design will employ BNC connectors. 

The decision to convert the Tektronix 
product line to BNC connectors was based 
on the following facts: 

1. BNC connectors offer lower input 
capacitance — an extremely important 
consideration in some applications. 

2. BNC connectors have the requirements 
demanded b}' high-frequency instru- 
ments for good performance. 

3. BNC connectors require less panel 
space and provide more finger room. 
Growing panel -density problems dic- 
tate their use, 

4. BNC connectors are employed by the 
majority of manufacturers producing 
instruments used in conjunction with 
oscilloscopes. 

5. BNC connectors are quicker and easier 
to connect and disconnect. 

First, because it is not desirable to per- 
petuate the compatability of problems of 
li 3 ''brid s}- stems (main frames, plug-ins, 
probes, etc.) having non-matching con- 
nectors, and, second, because it would be 
more costly for us (and, therefore, our 
customers) to maintain production on both 
UHF and BNC connectors, we feel we 
should make a complete conversion from 
UHF to BNC connectors. 

We include here a visible comparison of 
the new BNC accessories and their UHF 
counterparts. 



Included are : 

Panel Connectors 
Binding Post Adapters 
Terminations 
Attenuators 

Minimum Loss Networks 
Input RC Standardizers 
Cable Assemblies 
N-Unit Calibration Adapters 

For purposes of quick identification, tbe 
UHF connector has visible threads ; the 
BNC connector is smooth except for two 
little bumps that serve as guide pins. 

Where BNC counterparts are not avail- 
able, it may be necessary to use one of the 
two BNC-to-UHF adapters — BNC fe- 
male to UFIF male, or UHF female to 
BNC male. 

The hexagonal-case attenuators and ter- 
minations with BNC connectors, Tektronix 



Part Number 010-314 to 010-320 inclusive, 
are being discontinued and replaced by 
those in the new cylindrical plastic case 
as illustrated under “Attenuators”. The 
six digit numbers under each illustration 
are Tektronix part numbers. 

Also included is a chart of the probes 
currently manufactured by Tektronix, Inc. 
It lists the probes by type number and 
cable length, gives the Tektronix part 
number for the BNC and/or UHF ver- 
sions, and indicates the function for which 
the probe is designed. 

The P6025 and P6032 Cathode-Follower 
probes and the P6026 Passive and P6034 
and P6035 Low- Capacity, Miniature Passive 
probes are not listed on tins chart. They arc 
designed and intended primarily for use 
with Tektronix sampling systems and are 
supplied with GR connectors only. 



A-2202 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 
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PANEL CONNECTORS 



ADAPTERS 



< j 

131-277 



UHF 



I? ? 

t: 



131-051 



f 

'C 



103-015 
BNC Female to 
UHF Male 






103-032 
UHF Femoie to 
BNC Mole 



/ 

131-278 







Jinding Post Adapter 
Single 



Fiber Washers 
210-812 



Nylon Insulator 
406-244 








Binding Post Adapter 
Double 







Insuloted connectors. 
Includes mounting 
hardware . 



Single -hole, 1/2 inch 
mount. Includes 
mounting hardwore. 



'320 




BNC 


ATTENUATORS 


UHF 












\ ■ 




011-059 

011-060 

011-061 

011-062 


50 Q, lOX 
50 a, 5X 
75 Q, lOX 
93 Q, lOX 


011-031 
011-032 
011-033 
01 1 -035 






MINIMUM LOSS NETWORKS 






% 



011-057 

011-058 



50 n-75 fi 
50 Q-93 0 



011-041 

011-042 



131-106 

Single -hole 3 '8 inch 
mount. Includes 
ho rd wo re . 



No UHF 
Counterpart 



011-065 

*011-073 

011-066 

011-067 

011-068 



INPUT RC STANDARDIZERS 




1 M X 24 pf 
1 M X 47 pf 



None 

None 

011-022 

011-029 

011-030 



*Used with loter Types 82 ond 86 that have 50 v/cm position. 
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TERMINATIONS 



BNC 



UHF 



■ CABLE ASSEMBLIES, 42-inch 
MALE CONNECTORS 

BNC UHF 




0] 1-049 
011-055 
01 1-056 



50Q 

75Q 

93Q 



011-045 
01 1-046 
011-047 




P6016 Current Probe 
Terminotion 
011-064 



Same shape os BNC termination at 
left, but with UHF connectors. 
011-028 




Some shape os UHF termination at 
170-Q Termination fop of page, 

011-063 Use with P170CF Probe 011-048 

on scopes other thon 517A 



012-057 50 fi 012-001 
012-074 75 Q 012-002 
012-075 95 fi 012-003 



N-UNIT CAL ADAPTER 




017-074 



For omplitude calibration of N units. 



017-010 









BNC 


UHF 








CABLE 


PART 


PART 




PROBE 


ATTEN. 


LENGTH 


NUMBER 


NUMBER 


FUNCTION 


P6006^^ 


lOX 


3.5' 


010-127 


010-125 


General Purx)ose 






6' 


010-160 


010-158 


General Purpose 






9' 


010-146 


010-142 


General Purpose 






12' 


010-148 


010-144- 


General Purpose 


P6007** 


lOOX 


3.5' 


010-150 


010-134 


General Purpose 






6' 


010-165 


010-162 


General Purpose 






9' 


010-152 


010-136 


General Puri>ose 






12' 


010-154 


010-138 


General Purpose 


P6027 


IX 


3.5' 




010-070 


General Purpose 






6' 




010-071 


General Purpose 






9' 




010-072 


General Puri)osc 






12' 




010-073 


General Purpose 


P6028 


IX 


3.5' 


010-074 




General Purpose 






6' 


010-075 




General Purpose 






9' 


010-076 




General Purpose 






12' 


010-077 




General Purpose 


P6023 


lOX 


3.5' 


010-167 


010-065 


Designed for use w-ith 
D i f f e r en 1 i a 1 Amplifiers. 


P6008 


lOX 


3.5' 


010-129 




Type 82 and T\q)C 86 
Plug-ln Units 


P6009 


lOOX 


9' 


010-140 




T\-pe 82 and Type 86 
Plug-In Units 


P170CF 


2X 


3.5' 




010-101 


Cathode Follower Probe 


P500CF 


lOX 


3.5' 




010-109 


Cathode Follower Probe 


P6013 


lOOOX 


10' 




010-106 


High Voltage Probe 


P6015 


lOOOX 


10' 




010-132 


High Voltage Probe 


P6016 




3.5' 


010-037 




AC Current Prolte 



Repl ; ices P 6000, P 6003 , P 60 1 7 and P 60 18 Gen c r a 1 - P ii r pose P r o] ) es. 
Replaces P6002 and P6005 General-Purpose Probes. 



A CORRECTION 

We wisli to tliank Mr. J. K, Grier.son of 
the Research and Development l.ahoratories 
of the Northern Electric Company, Ltd. in 
Ottawa, Ontario for calling our attention 
to an error in the article "Noise — Some 
Basic Data” in the August, 1%3, issue of 
Service Scope. 

On page 1 under "Resistance Noise” we 
stated : "Thermal or ‘Jolinson' noise power 
is proportional to temperature, resistance 
and bandwidth. The rms noise voltage is 
proportional, then, to the square root ot 
these factors”. 

We sliOLild have said: "Tliermal or ‘John- 
son’ noise power is directly proportional to 
bandwidth and temperature; for a given 
power level, voltage is proportional to the 
square root of resistance. The rms noise 
volttige, then, is proportional to the square 
root of tite factors bandwidth, temperature 
and resistance”. 

We hope this correction will clear up the 
confusion our mis-statement ma}' have 
caused our readers. 

Til ere is also a tT'pograpliical error in this 
article. On page two, column three, about 
the middle of the column, L should be 
given as "290 /la” — not "430 /ia”. |I.s + Ib 
must (approximately) equal Ik]. 
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TYPE 561 AND TYPE RM561 OSCIL- 
LOSCOPES — INTERMITTENT IN- 
TENSITY MODULATION PROBLEM 

In the October, 1963 issue of Service 
Scope we stated that some Type 561 and 
Type RM561 Oscilloscopes can develop an 
intensity modulation problem. That state- 
ment is still valid — but the cure we 
offered is not! 

Althougli the Pyrofilm resistor we rec- 
ommended performed very well during the 
tests we conducted to find a replacement, 
it has since proven just as susceptible to 
failure as the original resistor. 

A more satisfactory replacement for 
R842 in these instruments is a series 
string of four 2 w, 10% composition re- 
sistors — two of 2.7 megohms and two 
of 3.3 megohms — totaling 12 megohms. 
The high-voltage environment and limited 
available space of R842 require a special 
arrangement and careful wiring of these 
resi.stors into a series string. These re- 
sistors, properly arranged and Avired and 
with instructions for installation are avail- 
able as a kit. For Type 561 Oscillo.scopes 
specify Tektronix Part Number 050-118; 
for Type RM561 Oscilloscopes specify 
Tektronix Part Number 050-147. 

TYPE 561A, TYPE RM561A, TYPE 
564, TYPE 565 AND TYPE RM565 
OSCILLOSCOPES — INTERMITTENT 
INTENSITY MODULATION PROB- 
LEM 

The above instruments can also develop 
the same intermit tent- in tensity-modulation 
problem that plagues the Type 561 and 
Type RM561 Oscilloscopes. The offend- 
ing resistor in all these instruments is 
R842 in the high voltage circuit. When 
R842 goes out completely, the operator 
will have no control over the intensity; 
the beam will be full on. 

The Tektronix replacement part number 
for R842 in the Type 561 A and Type 564, 
all serial numbers is 050-118; in the TA-pe 
RM561A, serial numbers beloAv 5610, it 
is 050-147; and in the Type 565, .serial 
numbers below 470 and Type RM565, serial 
numbers beloAV 350, it is 050-146. 

TYPE 519 OSCILLOSCOPE— TRICxGER 
JITTER 

In certain cases of trigger jitter in the 
TAq)e 519 Oscilloscope the cause can be 



traced to poor Avire dress of the High- 
Voltage Anode lead near the Sweep Time/ 
CM SAvitch. Try dressing the lead aAvay 
from the SAvitch. With a little experimen- 
tation you may cure the problem. 



TYPE 502A OSCILLOSCOPE — FAIL- 
URE OF DIODE D126 

The failure of diode D126 in the time- 
base generator circuit of the Type 502 A 
Oscilloscope is most generally caused by 
inductive kickback from the high-voltage 
transformer, T801. The cure for this prob- 
lem is : 

1. Replace R137, a 10012, w, 10% re- 
sistor, located betAveen pins 6 and 2 of 
VI 35 (a 6AN8 tube in the time-base 
generator circuit) Avith a 47 k, ^2 w, 10% 
resistor (Tektronix Part Number 302- 
473). 

2. Add an 8 pf , 500 v capacitor (Tektronix 
Part Number 281-503) betAveen pins 6 
and 2 of VI 35. 

Designate the ncAV capacitor Cl 37 and 
make the necessary changes and additions 
to your Type 502A’s instruction manual. 

TYPE 515A AND OTFIER OSCILLO- 
SCOPES — FAN BLADE ARCING 

Occasionally a combination of high in- 
sulation leakage resistance in a fan motor 
and fan mounts plus a certain spacing be- 
tAveen fan blade and filter Avill induce in- 
termittent arcing betAveen the blade and 
filter. Static electricity buildup on the 
motor and fan blade causes the arcing. 
Tlie phenomena has been seen on the Type 
515 A ; it may occur in other instruments. 

Its most noticeable effect is to cause 
misfire of a single-SAveep. The occurrence 
is, hoAvever, too rare to be noticed Avith 
a repetitive SAveep. 

One cure is to change tlie spacing be- 
tAveen the fan blade and the filter. A 
better cure is to bypass one of the rubber 
shock mounts Avith a short length of flexi- 
ble Avire braid. 

TEKTRONIX 5" OSCILLOSCOPES — 
POLARIZED LIGHT FILTER 

A polarized light filter is aAxiilable for 
use Avith Tektronix Oscilloscopes Avith 5" 



crt’s. The filter is punched for use Avith 
nearly all 5" round crt’s. A little trimming 
may be necessary for installation on the 
Type 503 or Type 504 Oscilloscopes. 

To mount the polarized light filter, re- 
move the four graticule-cover nuts. Dis- 
mount the graticule cover but leave the 
graticule in place over the crt. Mount 
the polarized light filter on the graticule 
studs, remount the graticule cover and re- 
place the four graticule nuts. 

Tliough it lacks the non-glare feature of 
the polarized viewer, the light filter can 
do a good job of increasing trace contrast 
Avith minimum light loss AA4ierever space 
or other considerations preclude the use 
of the polarized viewer. 

The Tektronix Part Number of the 
Polarized Light Filter is 378-539. 



TYPE 82 AND TYPE 86 PLUG-IN 
UNITS — USING THE P170CF CATH- 
ODE FOLLOWER PROBE 

With one of the above units in a Type 
580 Series Oscilloscope the P170CF Cath- 
ode- FolloAver probe Avill give a 6 nsec rise- 
time and about 60 me bandAvidth Avhen ter- 
minated Avith a 170 termination (Tek- 
tronix Part Number 011-048). You’ll need 
a UliF-to-BNC adapter (Tektronix Part 
Number 103-032) to connect the termina- 
tion to the Type 82 or Type 86 input. 
There is some overshoot, generally under 
5%. 

REMINDING YOU 
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NEW FIELD MODIFICATION KITS 

TYPE 503, TYPE 504, TYPE 560, TYPE 
561, TYPE 561A, AND TYPE 564 OS- 
CILLOSCOPES — CRADLE MOUNT 

This modification is applicable to any of 
the above instruments, all serial numbers. 

It provides a means of rack mounting 
these instruments in a standard 19- inch 
relay rack. Modified instruments require 
15')4" of rack height. Order from your 
Tektronix Field Engineer or local Field 
Office. Specify Tektronix Part Number 
040-321. Price: $45.00 

TYPE 555 OSCILLOSCOPE — ADDI- 
TIONAL TRIGGER SOURCES 

This modification provides the Type 555 
Oscilloscope with additional triggering 
sources when the Type 21 A and Type 22 A 
Sweep Plug-In Units are used. It permits 
direct triggering from the Type J Plug-In 
Unit when that unit is operating in the 
CHOPPED or ALTERNATE modes. 
Triggered in this manner, the Type 555 
will display input signals in true time or 
phase relationship. The modification ai.)plies 
to Type 555 Oscilloscopes with serial num- 
bers 101 through 6999. Order through your 
Tektronix Field Engineer or local Field 
Office. Specif 3 ^ Tektronix Part Number 
040-328. Price: $1.10 

TYPE M PLUG-IN UNIT — IM- 
PROVED CPIANNEL SWITCHING 

This modification improves the perform- 
ance of the Type M Plug-In Unit’s chan- 
nel switching circuit by: 

1. Improving the timing of the chopped 
blanking to minimize the switching 
transients visible on the crt display. 

2. Insuring that the blocking oscillator 
will stop in the CHOPPED mode 
with only one channel in the ON posi- 
tion ; or will operate with only two 
channels in the ON position, as the 
temperature varies. 

3. Increasing the blocking-oscillator 
switching rate to 1 me to insure that 
it will trigger properly in all instru- 
ments. 

4. Increasing the ring-counter shut-off 
currents to prevent possible one-clian- 
nel lock-up. 

5. Replacing the +1 2.6-volt supply zener 
diode (D5390) with a series zener 
diode combination totaling +13.6 volts 
(±2%) to increase the supply voltage 
and improve stabilih' when the Type 
M Unit is used in the T}^pe 581 or 
Tj'pe 585 Oscilloscopes. 

This modification applies only to Type 
M Units, serial numbers 101 through 824, 
that have not had Field Modification Kit 



040-294 installed. Order through \'our Tek- 
tronix Field Engineer or local Field Office. 
Specif}' Tektronix Part Number 040-333. 
Price: $14.75. 

Special Note: Type M Units with serial 
numbers 101 through 824 that have had 
Field Modification Kit 040-294 installed 
may be up-dated by installation of Field 
Modification Kit 040-334 which is de- 
scribed below. 

TYPE M PLUG-IN UNIT — IM- 
PROVED CHANNEL SWITCHING 

This modification improves the perform- 
ance of the channel switching in Type M 
Plug-In Units not covered by Field Modifi- 
cation Kit 040-333 described elsewhere in 
this column. It is applicable to Type M 
Units, serial numbers 825 through 3479 ; 
and Type Al Units, serial numbers 101 
through 824, that have had Field Modifica- 
tion Kit 040-294 installed. 

The improvement in performance is ac- 
complished by: 

1. Increasing the ring- counter shut-off 
currents to prevent possible one-channel 
lock-up. 

2. Decreasing the value of R6356 to 
give a higher chopping rate in the 
CEIOPPED mode and a faster re- 
covery in the ALTERNATE mode. 

3 Replacing the +12.6 volt supply zener 
diode (D5390)) with a series zener 
diode combination totaling +13.6 volts 
(±2%) to increase the supply voltage 
and improve stability when the Type 
M Unit is used in the Type 581 or 
Type 585 Oscilloscopes. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix Part Number 040-334. Price: $18.85 

TYPE 561 OSCILLOSCOPES — 3B1 
AND 3B3 COMPATIBILITY 

This modification permits the Type 3B1 
and Type 3B3 Plug-In Units to be used 
with the Type 561 Oscilloscopes and util- 
ize their trace-intensifying feature. 

The High Voltage circuit is replaced by 
a new assembly which has separate second- 
ary windings for the crt grid and cathode. 
This permits insertion of intensifying pulses 
on the crt grid and/or chopped blanking 
(or external) pulses on the cathode. 

A crt CATI-IODE SELECTOR switch 
is added to i)ermit selection of CEIOPPED 
BLANKING or CRT CATHODE inputs. 

Order througli your Tektronix Field 
Engineer or local Field Office. Specify 
Tektronix Part Number 040-320. Price: 
$43.40. 



Special Note: As a further improvement 
in the performance of the Type 561 Os- 
cilloscope with the Type 3B1 or Type 3B3 
Plug-In Units, we suggest the installation 
of two previously-announced field modifi- 
cation kits. They are: Field Modification 
Kit 040-267 for Type 561 Oscilloscopes, 
serial numbers 102 through 578 (with some 
exceptions — see your Tektronix Field En- 
gineer before ordering). This modification 
improves stability and reduces ripple in the 
— 12.2 volt supply. And, Field Alodifica- 
tion Kit 040-288 for Type 561 Oscillo- 
scopes, all serial numbers. This modifica- 
tion improves regulation and reduces ripple 
in the —100 volt supply. 

CAMERA-MOUNTING BEZEL FOR 
TEKTRONIX 5"-ROUND-CRT OSCIL- 
LOSCOPES* — MOUNT FOR REC- 
TANGULAR POLARIZISD VIEWER 




This modification is applicable to Tek- 
tronix camera-mounting bezels for Tek- 
tronix 5"-round-crt oscilloscopes*. It in- 
stalls a plastic mount which permits the 
use of a Tektronix rectangular polarized 
viewer (Part Number 016-039) when the 
camera is not in photographic position. 
Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix Part Number 040-338. Price : $0.35 

Note: Camera-mounting bezels (for Tek- 
tronix 5"-round-crt oscilloscopes*) with this 
modification already installed are avail- 
able. In circumstances where one Tek- 
tronix camera must serve several oscillo- 
scopes of this type, we suggest the installa- 
tion of this bezel on each oscilloscope. This 
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eliminates the need to remove and reinstall 
a bezel each time the camera is moved 
from one oscilloscope to another and allows 
tlie use of a rectangular polarized viewer 
except when the camera is in the photo- 
graphic position. Order through Tektronix 
Field Engineer or local Field Office. Spe- 
cify Tektronix Part Number 016-226. Price: 
$15.00 

* Not applicable to bezels supplied with 
Type 519 Oscilloscopes. 

TYPE 3B1 PLUG-TN UNITS ~ YARI- 
ABLE-TIME/DIV SHAFT AND COU- 
PLER 

This modification replaces the VARI- 
ABLE TIME/DIV shaft and coupler. The 
new shaft prevents damage to the .shaft 
coupling if the knob is bumped. The mod- 
ification applies to Type 3B1 Plug- In Units 
with serial mimbers 101 through 1400. Or- 
der through your Tektrotnx Field Engineer 
or local lAeld Office. Specify Tektronix 
Part Number 040-340. Price : $0.50. 

TYPE 561A OSCILLOSCOPES — SILI- 
CONE RUBBER CRT LEADS 

This modification replaces tlie high volt- 
age leads to the ert cathode and control 
grid with silicone-rubber instilatcd leads. 
Silicone rubber — highly resistant to en- 
vironmental conditions that cause a rapid 
deterioration in conventional riiblier insula- 
tion — tends to prevent iasulation break- 
down and sulisequent arcing. 

This modification is applicable to Type 
561 A Oscilloscopes with serial numbers 101 
through 8159, with these exceptions: Serial 
numbers 5766, 7691, 7692, 7695, 7696, 7699, 
7750, 7751, 7752, 7753, 7860 through 7894, 
7920 through 7954, and 7980 through 8014. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix Part Number 040-341. Price $0.65. 



TYPE 530 SERIES, TYPE 530A 
SERIES. TYPE 540 SERIES AND 
TYPE 540 A SERIES OSCILLOSCOPES 
— EXTERNAL-TRIGGER DECOU- 
PLING 

This modification eliminates the possi- 
bility of a large voltage spike appearing 
at the TRIGGER INPUT connector wlien 
the TRIGGERING MODE control is ro- 
tated from I NT to EXT triggering posi- 
tions. 

A decoupling network is added to the 
I NT position of the oscilloscope’s Trigger 
Selector (TRIGGERING MODE/TRIG- 
GER SLOPE) switch. The Type 535A, 
Type RM35.^, Type 545 A and Type 
RM45A Oscilloscopes have two time base 
gene r a to r s — T I M E B A S 12 A and T 1 M 12 
BASE B — and each time base has its 
own Trigger Selector switch. On the.se in- 
struments, a decoupling' network is added 
to the INT position on each of the Trig- 
ger Selector switches. 



This modification is applicable to the 
f ol 1 0 wd n g osc i 1 1 oscope s : 


Type 


Serial Numbers 


531 A 


20001 


through 25079 


533 


301 


through 3000 


533A 


3001 


througli 4694 


535A 


20001 


through 31259 


541A 




22899 


543 


301 


through 3000 


543A 


3001 


througI\ 4489 


545A 


20001 


through 38829 


RM31A 


1001 


through 2439 


RM33 


101 


through 1000 


RM33A 


1001 


through 1249 


RM35A 


1001 





RM41A 1001 

RM43 101 through 1000 

RM43A 1001 

RM45A 1001 through 3839 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix Part Number 040-326. Price: $1.50. 

TYPE 515, TYPE 515A, TYPE RM15, 
TYPE RM15-209C, AND TYPE 516 
OSCILLOSCOPES — EXTERNAL- 
TRIGGER DECOUPLING 



This modification eliminates the po.ssibil- 
ity of a large voltage spike appearing at 
the TRIGGER INPUT connector when the 
TRIGGER SELECTOR control is switched 
from INT to EXT triggering positions. 

A decoupling netwa-)rk is added to the 
INT position of the TRIGGER SELEC- 
TOR switch. 

This modification is apjdicaVde to the fol- 
lowing oscilloscopes : 



Type 

515 
515A 

RM15 

RM15-209C 

516 



Serial Numbers 
101 through 1000 
1001 through 2869 
101 through 2869 
101 through 2869 
101 through 1958 



Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix Part Number 040-329. Price $1.80. 



TYPE 519 OSCILLOSCOPE — FUSE 
PROTECTION 

This modification installs a 15 ampere 
fuse (F651) to protect the Regulated li eat- 
er supply from cable burnouts caused by 
the shorting of capacitor C650. It is ap- 
plicable to Type 519 Oscilloscopes, serial 
numbers 101 through 521, wdth these ex- 
ceptions: Serial numbers 458, 471, 487, 

493, and 501 tli rough 520. 

Order throtigh your Tektronix Field En- 
gineer or local Field Office. Sj)ccily Tek- 
tronix Part Number 040-348. Price: $N/C 



TYPE 128 PROBE POWER SUPPLIES 
— SILICON RECTIFIER 

Tins modification replaces the selenium 
rectifier (SR650), used in the probe fila- 
ment supply, wdth silicon diodes which of- 
fer better relial)ility and longer lile. It is 
applical)le to Type 128 Probe Power Sup- 
plies wdth serial numbers 101 through 714 
and serial numbers 718 and 719. Order 
through your Tektronix Field Engineer or 
local Field Office. Specify Tektronix Part 
Number 040-327. Price: $7.25. 
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USED INSTRUMENTS WANTED 

1 Type 516 Oscilloscope. Edward C. Regan, 
6331 Templeton, Huntington Park Califor- 
nia. Telephone LU 1-8348. 

1 Type 561 and Plug-Ins. John Davis, 8029 
Quentin Street, Hyattsville, Maryland. 

1 Type 561 A or will consider a Type 561 
Oscilloscope. C. J. FI ire, Advanced Engi- 
neer, Therm- O -Disc, Inc., Mansfield, Oliio. 
Telephone LA 2-4311. 

1 Type 531 or Type 531 A OscilUxscope in 
any condition. Flenry Steigers, Rt. 2, Box 
787, Puyallup, Washington. Telephone TH 
5-9729. 

1 Type 524 Oscillo.scope or 1 Type 535 
Oscilloscope with a Type L Plug-In Unit. 
Tom Landers, 84 Flower Street, Hartford 
5, Connecticut. 

USED INSTRUMENTS FOR SALE 

1 Type 551 Oscilloscope, s/n 515; 1 Type 
53/54C Dual -Trace Plug-In; 2 Type D 
Fligh-Gain Differential Plug-Ins. Dr. B. 
Lillet or Gus Winston, U. C. Medical Cen- 
ter, 2nd and Parnassus, San Francisco, 
California. Telephone MO 4-3600, Ext. 735. 




In May of this year, a Type 31 OA, s/n 
13137, di.sappeared from tlie Vandenherg Air 
Force Base in California. This instrument 
carries Air Force Tag #44 1921 and is be- 
lieved to have been stolen. 

Information regarding the whereabouts of 
this T}’pe 310 A should be forwarded to Bill 
Davies, Anna Division, A. Bosch Arma 
Corporation, P. O. Box 1585, Vandenherg 
Air Force Base, California. The Telephone 
number is 866-1611, extension 6925 or 7242. 

The Marine Radio Service in San Pedro, 
California also suffered the loss of an os- 



1 Type 551 Oscilloscope, s/n 4281 ; 1 Type 
CA Dual-Trace Plug-In Unit, s/n 45892 ; 1 
Type L Plug-In Unit, s/n 14151. These in- 
struments are about 17 months old. Contact 
Mr. Stanley, Jerguson Gage and Valve 
Company, Adams Street, Burlington, Mas- 
sachusetts. 

1 Type 541 Oscilloscope ; 1 Type CA Dual- 
Trace Plug-In Unit; 1 Type 5v3/54K Fasi- 
Rise Plug-In Unit and a Type 500/53 A 
Scopemobile® (no serial numbers given). 
These instruments were overhauled by Tek- 
tronix in November of 1962. Price com- 
plete $1100.00. Bob Haskins, Phillips Ap- 
plied Research, 1640 21st Street, Santa 
Monica, California. Telephone CL 1-1642. 

2 T>'pe 555 Oscilloscopes and Power Sup- 
plies ; 1 Type CA Plug-In Unit; 2 Type 
L Plug- In Units and 1 Type G Plug-In 
Unit (no serial numbers given)- All instru- 
ments are in A-1 condition, completely re- 
calibrated, etc. by Tektronix. Contact Mr. 
Dean DeLue, Molectro Corporation, 2950 
Ysidro War^ Santa Clara, California. Tele- 
phone 245-4320. 

1 Type 51 7 A Oscilloscope, s/n 1508, with 
Power Supply; 500A Scopcmolnle ; P170- 
CF Cathode-Follower Probe and B170A At- 
tenuator. Address inquiries to Pearl Florwitz 
Meckelburg, Decisions, Inc., 142 Second 



cilloscope in May of this year. This rvas a 
Type 321, s/n 1895 and it, like the 310A 
above, is believed to liave been stolen. Ma- 
rine Radio Service would appreciate hearing 
from anyone with information on the where- 
abouts of this Type 321. 

Here’s another report of a Type 310 stol- 
en from a car. Instruments left in auto- 
mobiles seem to offer an exceptional attrac- 
tion to car prowlers. A good move before 
locking an instrument in a car is to conceal 
it from covetous eyes by some kind of a 
covering — coat, blanket, paper, etc. 

The s/n of this stolen 310 is 4893. Donald 
Brasnan of the Uni vac Division of S perry - 
Rand Corporation says it was removed from 
the car of one of tlieir service personnel at 
63rd and Western in Chicago, Illinois, on 
the evening of Monday, October 21, 1963. 

Mr. Brasnan asks anyone with informa- 
tion on this missing Type 310 to please 
contact him at 440 N. Michigan in Chicago, 
Illinois. 

In another car prowl a Type 133 Plug-In 
Unit Power Supply, s/n 209, and a Type E 
Plug-In Unit, s/n 4721 were removed from 
a car in the Manliattan section of New 
York City. Tlie.se instruments belong to the 
Geophysics Dexiarlment of Rensselaer Poly- 



Street, Fall River, Massachusetts. Tele- 
phone .A.rea Code 617 OS 2-7448. 

4 Type 512 OscilUxscopes ; 4 Type 5 MAD 
Oscilloscopes ; 1 Type 524D Oscilloscope ; 

1 Type 31 5D 0.scil lo scope ; and 5 Scope- 
mobiles (older type). All instruments will be 
repaired and recalibrated before shipment to 
buyers. Details as to prices and serial num- 
bers may be obtained by contacting Mr. Art 
Eberhardt, Uni vac Division of Sperry- Rand 
Corporation, 311 Turner Street, Utica, New 
York. 

1 Type 321 Oscillo.scope, s/n 1473. Air. R. 
Klein, 651 Amble side Road, Des Ihaines, 
Illinois. 

1 Type 502 (no serial number given) with 
a 500 A Scopemobile. Price $800.00. Contact 
Bernie Borane, Arizona Journal, Phoenix, 
Arizona. 

1 Type 543 Oscilloscope, s/n 624 and 1 Type 
CA Plug-In Unit, s/n 2083. Instruments are 
approximately 5 years old and in good 
condition. Price $1000.00. Contact Air. 
Dwight Lord, Rutherford Electronics. Tele- 
phone Area Code 213 UP 0-7393. 

Bob Wells, Texas Crystal Company, 4117 
West Jefferson, Los Angeles, California has 
a Type 502 Oscilloscope he would like to 
trade for a Type 531 or Type 541 Oscil- 
loscope, His telephone number is 731-2258. 



technic Institute in Troy, New York. 

Anyone with information regarding these 
instruments is asked to please contact the 
Tektronix F"ield Office at 12 Raymond 
Avenue in Poughkeepsie, New York or the 
Geoph^^sics Department of Rensselaer Poh'- 
teclinic Institute in Troy, New York. 

A Type 72 Dual-Trace Plug-In Unit, s/n 
276, is missing from the Tektronix Field 
Office in Baltimore, Alary land. This is a 
Tektronix-owned instrument and we would 
appreciate having an\'one with information 
on the location of this instrument contacting 
either their local Tektronix Field Office or 
our Field Office in Baltimore. The address 
of the Baltimore Office is 1045 Taylor 
Avenue, Towson 4, Alary land. Their tele- 
phone number is Area Code 301 825-9000. 

The University of Alinnesota is missing a 
Type 531 Oscilloscope, s/n 5199, and a Type 
53/54C Dual-Trace Plug-In Unit, s/n 18622. 
These instruments disappeared from the 
Electrical Engineering Department. Infor- 
mation concerning tlie whereabouts of these 
instruments should be directed to A1 Larson, 
Electrical Engineering Department, Univer- 
sity of AIinne.sota, Minneapolis, Minnesota 
55414. Telephone Number 373-2494. 
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I ntroductlon 

Modern technology requires measurement 
capabilities in the fractional nanosecond 
(10"° second) area. Diodes with switching- 
times well under 100 picoseconds (10"^" sec- 
ond) and transistors with ft (cut off fre- 
quency) of over 1000 Me are presently avail- 
able. 

The sampling oscilloscope provides an 
excellent tool for the observation of these 
phenomena provided the signals are pre- 
sented in a 50 n characteristic impedance 
system. However, it is very seldom that 
one can load a circuit with 50 either in 
parallel or in series without disturbing it 
beyond use. Therefore, one has to provide 
means to extract the voltage and current 
waveforms from the circuit without dis- 
turbing the circuit to any great extent. 
The output of this device should present, to 
the sampling oscilloscope, an undistorted sig- 
nal on a 50 level. 

In the case of voltage measurements, a 
good high frequency resistor (Ref. 1) may 
be selected. Provided it is placed in a 
proper environment, this type of series probe 
will perform rather well up to 1000 Me. 
For the current waveforms, however, the 
solution is more complicated. Conventional 
current monitoring devices are restricted 
to relatively low frequencies either by basic 
limitations or by stray parameters. For ex- 
ample, the Hall potential in a Hall device 
is established in approximately 10"^^ sec- 
ond. However, its inherent stray capacity 
and flux-linkage patterns prohibits its eco- 
nomical use above a few Me. 



The conventional current transformer with 
laminated core (Ref. 2) is useful up to 
a few kc. The tape wound version extends 
the frequency response and phase correla- 
tion to approximately 100 kc. 

If the design of a current transformer 
is based on a TEM (Transverse Electro- 
magnetic Mode) approach however, the 
basic frequency limitations are overcome 
and fractional nanosecond speeds can be 
achieved. 



The TEM Current Transformer 
A single turn circular winding is inserted 



in the space between the inner and outer 
conductor of a coaxial transmission line 
of impedance Zo (Figure 1). For simplic- 
ity only half of the lengthwise section is 
represented. The H (magnetic) field will 
terminate in a current sheath J in the cir- 
cular winding. 



(Curl H 






-j- J since 






^ o 



inside the winding /. curl H = J.) 



Also, since H is proportional to I, then 
= I and a current I will flow in 
Zi for a single turn winding. At X3 the 
current I in the single turn winding will 




Figure 1 . A single-turn winding inserted in the space between the inner and outer conductor of 
a cooxial transmission line of impedance Zo. 
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regenerate H in equal magnitude and ac- 
cording to tlie principle of super- posit ion 



E. 

Zu 



= E, - TZ,. 

_ E, ^ E, - IZ, 

— j ; 2 — - j 



- Zo - z. 



indicating that the impedance Zi is ef- 
fectively placed in series with Zo. (There- 
fore, to maintain a first order matching, 
the ratio of the diameters of the inner and 
outer conductor past Xa in the X direction 
should be reduced to be equal to Z2.) A sec- 
ond order capacitive reflection occurs be- 
cause the E field in going from Xi to X3 
is confined between tlie inner conductor 
and the winding and between the outer 
conductor and the winding. 

Neglecting the winding transit time, for 
an “n” turn winding = I would still 
hold; however, I will be a current I/n per 
turn. The current through Zi is I/n and 
the series voltage drop reflected in the 
I 

n I 

original E field is 
Therefore, Z2 = 

E. ^ Z, 

^ __ V 

Zo ^ 

I n^ 

The reflected impedance is proportional 
to 1/nq similar to the conventional trans- 
former. A true mathematical derivation of 
these results amounts to a double boundary 
value problem (Ref. 3 and 4) and is quite 
involved. However, this is not essential 
to achieve a basic understanding of the 
functioning of a TEM transformer. 

Up to this point we really have not 
solved all basic limitations of the trans- 
former, yet the preceding is essential for 
the understanding of the methods involved 
in solving them. 



Outline of Limitations of Conventional 
T E M Trans fo rmer 




We have a transformer with one pri- 
mar>’ and n secondary turns (Figure 2). 
If we introduce a current step I in the 
primary winding, we will introduce a cur- 
rent step i„ at the same time and of equal 
magnitude in all n turns' The step in intro- 
duced in a particular turn will propagate 
in a transmission-line mode around the core 
in both directions and so will all steps in 
every turn. The resulting output wave- 
forms at the secondary terminals of the 
transformer will, therefore, look like Fig- 
ure 3 indicating a “push-pull” mode out- 





Figure 3. Output of twelve-turn transformer. 

put. Here, then, we have the first basic 
limitation: the risetime of the output wave- 
form will be approximately n times td, 
where td is the delay of one winding. 

The second limitation of the conventional 
current transformer is the fact that there 
is a certain amount of stray capacitance 
(Cs) and inductance (Ls), This will form 
a distributed L-C circuit that will resonate 
0.35 

at a frequency below (equivalent 

n X td 

3-db point due to the first limitation) and, 
therefore, give a poor transient response 
especially when n is large. 



Transmission Line Addition Technique 




2 Zo cable, as shown. However, this will 
work only for a time equivalent to the 
double delay time (2T) in one Zo cable 
because after that the generator will be 
.shorted. One can extend this time span 
by placing an impedance in the short cir- 
cuit loop — here done by means of a fer- 
rite core (Refs. 6 and 7). 

Solution to Fif'st Order Limitations 




Figure 5. Twelve-turn bifilar winding. 

In Figure 5, rather than wind an n turn 
single winding transformer, two windings 



each having ^ turns have been wound 

bifilar, as shown. The four output volt- 
ages are then added and suppl}^ one single 
ended signal. The addition is performed 
with the transmission line addition tech- 
nique. Flowever, for practical reasons the 
wires are kept verj^ short and, therefore, 
the double delay time (2T) is short. One 
depends mainly on the isolation provided 
by ferrite beads placed in the short circuit 
loop. Leads should be kept to the same 
length to assure time-coincident addition of 
the signals. By doing this we have achieved 
two improvements (Figure 6) : 



Figure 4. A step V, placed simultaneously 
on two Zo cables, adds the two steps to a 2V 
step into a 2Zo cable. 

In Figure 4, if a step V is placed simul- 
taneously on the two Zo cables, one can 
add these two steps to a 2 V step into a 



(a) The risetime of the output pulse, due 
to limitation one, has been reduced 
from n x td to n/2 x td. (This is not 
exact because the turns in this case 
will be slightly longer ; therefore, td 
will be slightly greater. However, this 
effect is small.) 
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(a) Pulse direct to 4S2. 



(b) Pulse coupled to 4S2 via a straight 
nine-turn transformer on a V 2 " dia. 
by 14 " core. 



(c) Pulse coupled to 4S2 via 3 x 3-turn 
transformer on a V 2 " dia. by 14" core 
[same core as used in (b)]. 



Figure 6. System used to obtain these waveform pictures: Tunnel diode pulser (^30 psec risetime), Type 661 Sampling Oscilloscope with a Type 4S2 
Dual-Trace Sampling Unit and a Type 5T1 Timing Unit, and a Type C-19 Camera. Sweep Time/cm: 0.2 nsec. 



'I 

(b) The transient response, due to limita- 
tion two, has been improved due to 
the fact that the stray capacitance has 
been reduced since the two windings 
at every point on the core move in the 
same manner voltage- wise [fr (reso- 
nant frequency) proportional to 1/ -,/c] 
W'hile the inductance and resistance stay 
essentially^ the same. 

Note that at DC the two windings are in 
series. The output voltage is the same as 
that of a conventional n turn transformer. 
One can use multiple turns through the iso- 
lation beads to obtain a large time constant. 
Note also that one is not limited to 2 wind- 
ings of n/2 turns per winding. One can 
use n windings of 1 turn per winding (as 
long as n/a is greater than 1 and a real 
number). The limitation is n windings of 
1 turn per winding and there the risetime 
is equivalent to 1 x td or the total propa- 
gation time around the core, wiiichever is 
greater (Figure 7). 

One can build a transformer with a large 
number of turns to get a long time constant, 
but at the same time one can get a very- 
fast risetime and good transient response, 
as will be explained later. 

Core Material 

Unless a core with a permeability is 
inserted inside tiie windings, tlie transformer 
action is limited to the double transit time 







FERRITE 

BEADS 



Figure 7. Eight-turn multlfllar winding. 

of the winding. To extend this time usually 
for high frequency applications a ferrite 
core material (Ref. 5) is used. Ferrites 
are sintered materials, generally of a basi- 
cally- spinel crystalline structure consisting 
of MOFciiOa wiiere M can be of any of 
the following elements: Co, Ni, Mn, Cu, 
Mg, Zn, Cd^ 



Generally the low^ permeability ferrites 
have a high resistivity and the high perme- 
ability ferrites a low^ resistivity. Therefore, 
the high permeability ferrites have higher 
loss than the low^ permeability versions. 
Some typical high frequency ferrite materi- 
als are : 

Permeability Rho (n cm) 



Ferroxcube 104 


200-250 


>10= 


102 


250-400 


400-600 


101 


300-700 


250-450 


Kearfott MN30 


4,000-6,000 


300 


MN60 


5,000-10,000 


250 



The Design of a TEM Current Trans- 
former 

In order to design a high speed current 
transformer, one has to consider several 
factors; transformer ratio, risetime, low- 
frequency time constant, space available, 
impedance level, etc. The lumped constant 
equivalent circuit is represented in Figure 8. 
Here Ri = Ro n‘; L ~ L« n* 

Ro is assumed to be a constant propor- 
tional to the core losses and expressed in 
ohm.s/turny In practice, how-ever, one might 
have to use a different Ro for high fre- 
quency- (and low- frequency) calculations de- 
pending on material and bandwddth. The 
values given by- the ferrite manufacturers 
generally refer to the low-- frequency losses 
of the material. They have no consistent 
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Figure 8. Lumped-constant equivalent circuit of a current transformer. 



correlation with the frequency values of R„. 
Therefore, these need to be measured for 
individual materials. Values vary from 20 
12 / 11 * to ^500 i'l/vc depending on core ma- 
terial and dimensions. 

Lo is a constant proportional to the per- 
meability of the core, the cross section and 
the magnetic length. For a cylindrical core 
with outer diameter D, inner diameter d 
and length t, the inductance/turn' can be 
estimated by: L<, = 0.2 /it In D/d x 10~® 
/iH/ir 

Zi» “ the transformed impedance. 

The low frequency cut-off is determined 
by^ the L/R time constant. 



The response will be 3-db down if : 
ioL = 2“fL = R, where R is tlie total 
resistance R„ in parallel with L. 



Rp = 



irRoRi. 
irRo + Ri. 



Rp Rp 



At this point there will be a 45° phase 
shift til rough the transformer. 

If accuracy of 1% is required in the 
transfer ratio, the low frequency response 



will be limited to a higher frequency. It 
can be readily verified that : 






Rp 

.28277Loir 



The phase shift will be approximately 
8.1° at this frequency. If a maximum phase 
shift of 1° is required the lower frequency 
response sliould be limited to a still higher 
frequency. B\' performing the necessary 
calculations one finds : 



.0349-L«ir 

As a practical example, a transformer 
with a low frequency 3-db point of 10 kc 
will have a 1% amplitude accuracy above 
70 kc and less than 1° phase shift above 
570 kc. 

From the low frequency point of view it 
is desirable to have a large number of turns 
to make L and Ri large. As previously 
shown, this limits the risetime. 

By splitting the winding into several 
multi filar turns, as previously outlined, one 
can maintain the risetime for high speed 
operation and still have a large L and long 



time constant since at low frequencies the 
turns appear in series. The transformer 
may be used for current measuring purposes 
as well as for matching two points of dif- 
ferent impedance levels. In either case, the 
transmission line will have a voltage wave- 
form as well since the characteristic im- 
pedance is alwa^'s greater than zero. In 
order to prevent capacitive coupling of the 
voltage waveform, the transformer has to 
be well shielded by^ a ground plane between 
the center conductor and the transformer. 
A perfect shield is not feasible, since this 
would amount to a shorted turn on the 
transformer. Flowever, satisfactory shield- 
ing can practically be achieved by leaving 
a narrow gap in the shield. 
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kiCORDING WAVEfOkMS 
WITHOUT A CAMERA 



One solution to this problem is to use 
a sheet of “Scope Pad”. This is a unique 
product manufactured and distributed by 
Ensca, Inc., P. O. Box 253, New York, 
New York 10023. 



“Scope Pad” consists of twenty, trans- 
lucent, adhesive-backed sheets ruled with a 
graticule-line grid. At the side of each 
sheet are spaces for time and amplitude 
data. 



If you wanted to make a record of a 
repetitive waveform displayed on the crt 
of an oscilloscope and you didn’t have a 
camera, you could stand back with easel 
and pen, hold up your thumb in Rembrandt- 
style and sketch away. Or, you could place 
a sheet of translucent paper over the face 
of the crt and trace the waveform. The 
difficulty here, of course, is trying to hold 
the paper firmly^ in place and at the same 
time make the tracing. 
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SHORTING PROBLEMS DURING TROUBLE SHOOTING 



Chuck Miller of our Field Training group 
calls our attention to a serious problem 
that can exist when attempting to trouble- 
shoot an instrument incorporating high- 




Figure L These two ceramic strips are the 
same length. The conventional strip (a) con- 
tains 9 notches, the high-density strip (b) con- 
tains 16 notches. 




densit)^ (tightly-notched) ceramic strips — 
see Figure 1. 

If, in this trouble-shooting, the probe 
employed uses a large tip — the old-style 
double-pincher tip for example — the danger 
exists of shorting out components and pos- 
sibly destroying expensive transistors, di- 
odes, etc. 

A way to minimize this problem is to 
use the newer and thinner pincher tip (Tek- 
tronix Part Number 013-071 — see Figure 2). 
This blade-like, single-pincher tip offers a 
greater margin of safety against the short- 
ing out of components in crowded areas 
and the improved pincher tip has greater 
holding ability. The thin blade design causes 
a minimum of component displacement dur- 
ing trouble-shooting and facilitates checking 
dif ficult-to-reach test points. 

This newer pincher tip is designed to be 
used with the following Tektronix probes : 



P6000 


P6004 


P6008 


P6023 


P6001 


P6005 


P6009 


P6027 


P6002 


P6006 


P6017 


P6028 


P6003 


P6007 


P6022 






TYPE 575 TRANSISTOR CURVE 
TRACER — PEAK-VOLTS AUTO- 
TRANSFORMER IMPROVEMENT 

Here is a service that if performed on 
the Peak-Volts autotransformer (T7Q1 in 
the collector-sweep schematic) will improve 
its operation at low collector voltage when 
the HORIZONTAL VOLTS/DIV con- 
trol is set to the 0.01 collector-volts posi- 
tion. 

Prior to this service the PEAK VOLTS 
control will not turn down past around 
5 cm of volts with the HORIZONTAL 
VOLTS/DIV control in the 0.01 position. 
After the service it will turn down to 2 
cm of volts and the operation down to and 
up from this position will be very smooth. 

The service consists of lowering the mini- 
mum voltage output of the autotransformer, 
T701. To do this, loosen the screw hold- 
ing the rotational limit stops and adjust 
the stops so that counter-clockwise rotation 
can be made down to the last one or two 
windings. Care must he exercised not to 
ollozv the contact to run off the end of the 
imndings as damage could result. 

PLASTIC LIGHT SHIELD FOR REC- 
TANGULAR CRTs 

A plastic light shield, similar to that 
used in Tektronix instruments with 5" 
round crt’s, is available for Tektronix in- 
struments with 5" rectangular crt’s. 

The shield is designed to block any 
entrance of light onto the phosphor via 
the space between the crt shield and the 
front panel. Light escaping through this 
space can prove bothersome in some oscil- 
loscope photography applications. 

Designed specifically for the Type RM- 
561, the shield is equally use-ful in other 
Tektronix instruments employing a rec- 
tangular glass crt — the Type 567, Type 
RM567, Tj'pe 527, Type RM527 and the 
Tjq^e 561 A MOD210C or 210E. This shield 
is not needed with the ceramic crt since 
light is shielded by the ceramic envelope 
and rubber boot. 

Tektronix part number of the new light 
shield is 337-586. Order through your local 
Tektronix Field Office or your Tektronix 
Field Engineer. 



Figure 2. A comparison of the older double-pincher tip (left) and the nev/ thin-blade, single- 
pincher tip (right). Both shown with pincher extended. 



POWER CONNECTOR BREAKAGE— PREVENTIVE MAINTENANCE 



Breakage of the 3- wire power connector 
on instruments employing a detachable 3- 
conductor power cord can occur when the 
instruments are tilted or lifted from the 
front with the power cord connected. 

This breakage can be prevented by re- 
cessing the power connector as shown in 
Figure 3. 

Parts needed : 



Qty. 


Item 


Tektronix 
Part No. 


1 


aluminum spacer 


361-012 


2 


1 I 4 '^ 6-32 screw 


211-545 


2 


6-32 Keps nut 


210-457 




Fig. 3. Pictured instructions for recessing the 3-wire connector on instruments using a detachable, 
3-conductor power cord. 



TYPE 527 AND TYPE RM527 WAVEFORM MONITOR— VOLTAGE 

STRESS ON 6 EW 6 TUBES DURING TURN-ON 



When the Type 527 or Type RM527 
Waveform Monitor is first turned on, V444 
and V544 ( 6 EW 6 tubes in the two-stage, 
push-pull input amplifier) are subjected to 
quite a voltage stress. This stress can cause 
excessive cathode deterioration which, in 
turn, will cause the tube to become gassy. 
Under this condition the input amplifier 
will not perform properl 3 ^ and the 6 EW 6 
tubes in the input amplifier are doomed 
to early failure. 

A simple modification to overcome this 
problem consists of replacing the 0.01 (li/ 
47 k RC netw'ork in the grid circuit of both 
V444 and V544 with a 1N3605 diode (Tek- 
tronix Part Number 152-141) — See Figure 
4. After the modification, R440, the 47 ohm 
parasitic resistor w'ill connect directh’ from 
the rear wafer of the RESPONSE stvitch 
to pin 1 of V444 and the new diode will 
connect between pin 1 and 2 of V444. Be 
sure the cathode of the diode connects to 
pin 2. Repeat these changes in the grid 
circuit of V544 and the modification is 
complete. 

Gassy 6 EW 6 tubes in the V444 and V544 
positions cause hook and tilt in the dis- 
played waveform. This malfunction is most 
apparent when viewing the vertical blanking 
pulse portion of the transmitted composite- 
video signal. To determine whether the 
fault is in the transmitted signal or in the 
Waveform Monitor, position the vertical- 
blanking- pulse waveform near either the 
top or bottom of the crt. This increases 
the current through either V444 or V544, 
and if they are gassy the hook and tilt 
will be much more pronounced. 



If there is no appreciable change in hook 
or tilt, V444 and V544 are probably all 
right and the difficulty is most likeE^ in the 
transmitted signal. 

Type 527's with serial numbers above 
744 and Type RM527’s with serial numbers 
above 1189 have this modification installed 
at the factoi\v. Also, the following serially 
numbered instruments were modified out 
of sequence: 

Type 527 : 

645 724 through 726 

646 739 

674 



Type RM527 : 



730 through 732 


1066 




889 


1071 through 


1074 


908 


1097 




980 


1116 




997 


1121 




1020 


1122 




1035 


1138 through 


1141 


1036 


1143 through 


1145 


1038 


1147 through 


1159 


1042 


1162 through 


1188 



\/444 & \/544 W444 & V544 

BEFORE AFTER 





Figure 4. “Before’’ and “After" schematic for replacing the 0.01 /if/47k RC network, in the grid 
circuit of both V444 and V544, with 1 N3605 diodes. 
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USED ^WSTRUMfWrS FOR SALE 

1 Type 513D Oscilloscope, s/n 1672 with 
new crt. Ray Case, 8146 Matilija, Panorama 
Cit 3 ', California, phone 780-0322. Price: 
$350. 

1 Type 317 Oscilloscope, s/n 346. In- 
strument like new. Will sacrifice for $500. 
Mr. Rising, 53 Hundrecis Circle, Wellesley 
Hills, Massachusetts. Telephone: Area Code 
617, 235-0385. 

1 Type 535 Oscilloscope, s/n 6095 with a 
Type 53/54C Plug-In Unit, s/n 9668. Price: 
$1200. R. L. Bennett, Todd-AO Corpora- 
tion, 1021 Seward Street, Hollywood, Cali- 
fornia. Phone: HO 3-1136. 

1 Type 511 AD Oscilloscope, s/n 4718 with 
P510 Attenuator Probe. Recently repaired, 
modified and recalibrated at Tektronix Re- 
pair Center. R. J. France, Control Science 
Corporation, 5150 Duke Street, Alexandria, 
Virginia. 

1 Type 502 Oscilloscope, s/n 4211 and 2 
Type 122 Preamplifiers, s/ns 5494 and 5495. 
Instruments liave seen little use. C, R. 
Smith, President, Capital Sales Ltd., P. O. 
Box 266, Fredericton, New Brunswick. 

1 Type 81 Plug-In Adapter (for use with 
Type 580 Series Oscilloscopes). New, never 




used. Dalmo Victor, Belmont, California, 
Attention : Mr. Wells. 

1 Type 532 Oscillo.scope, s/n 5100; 1 Type 
53G Plug-In Unit, s/n 100 and 1 cart. Mr. 
Richardson, N.J.E. Corporation, 20 Boright 
Avenue, Kenilworth, New Jersey. 

1 Type 67 Plug-In Unit, s/n 2596. Never 
used. In original packing. Mr. Leo Katz, 
Electronics Laboratory, Notre Dame Hos- 
pital, 1560 Sherbrooke Street East, Mon- 
treal 24, Quebec, Canada. Telephone 525- 
6363 — Local 576. 

1 Type 190A, s/n 6048; and 1 Type 190B, 
s/n 6952 Constant-Amplitude Signal Gen- 
erators. -A.. Samuel son, Electric Service Sys- 
tems, 5555 Old Highway 5, Minneapolis 
24, Minnesota. Telephone; 941-2200. 

1 Type 517, s/n 508, High Speed Oscillo- 
scoi)e. For sale, lease or rent. Recently 
overhauled b}^ Tektronix, Inc. Michael J. 
Haddad, Surface-Air Electronics, 138 Ne- 
vada Street, El Segundo, California. Tele- 
phone SP2-1469. 

1 Type 82 Plug-In Unit, s/n 2307. Joel 
Backer, Magnetic Research Corporation, 
3160 West El Segundo Boulevard, liaw- 
thorne, California. Telephone: OS 5-1171. 



Mr. John Bowser of the Smith Corona 
Corporation at 301 N. Michigan Street, 
Chicago, Illinois, reports the theft of a Type 
3 10 A Oscilloscope, s/n 17926. The instru- 
ment disappeared from the car of one of 
their servicemen while it was parked in the 
back of their office building. Mr. Bowser 
would appreciate hearing from any of our 
readers who have any information on the 
whereabouts of this instrument. 



Another car prowl, this one also in Chi- 
cago, produced a Type 516 MOD 108B 
for the vandals. Serial number of this in- 
strument is 1930 and it is the property of 
the General Electric Company, 840 S. 
Canal Street, Chicago, Illinois. The theft 
occurred on Tuesday, November 26, 1963, 
while the car was parked outside their 
building. Information on the location of 



1 Type 513D Oscilloscope, s/n 691. Price: 
$450. Donald Fleischer, 503 Tennis Avenue, 
Ambler, Peninsylvania. Telephone: MI 6- 

0580. 

1 Type 502 MOD 104 Oscilloscope, s/n 
2840. Dr. Peckham, Eye Research Founda- 
tion, 8710 Old Georgetown Road, Bethesda, 
Maryland, Phone; 301-656-1527. 

USED INSTRUMENTS WANTED 

1 Type 310 Oscilloscope. E. C. Webb, 
Lakewood Manufacturing, 25100 Detroit, 
Westlake, Ohio. Telephone: Area 216- 

TRl-5000. 

1 T}'pe 321 Oscilloscope, John Sumner, 
728 N. Sawtelle, Tucson, Arizona. 

1 Type 515 or Type 51 5 A Oscilloscope. 
William Macoughtry, Code 536, NASA, 
Goddard Space Flight Center, Greenbelt, 
Maryland. 

1 Type 524 AD Oscilloscope. H. Holland, 
FI. W. H. Electronic Service, 7217 Gulf 
Boulevard, St. Petersburg Beach, Florida. 

1 Type 310, 316 or 515 Oscilloscope. $225 
maximum. George Reeves, 4273 W. Oak 
Avenue, Fullerton, California. 



this instrument should be relayed to Mr, 
O. Nickerson of the General Electric Com- 
pany at the address noted above. 

This last report of a missing imstrument 
concerns one that disappeared on January 1, 
1963 and has just been called to our at- 
tention. 

This oscilloscope, a Type 310A, .s/n 
012960, belongs to Fluyck Systems located 
on Wolf Hill Road in Huntington, Long 
Island, New York. 

Mr. A1 Richert of Fluyck Systems tells 
us that the oscilloscope was at Lockheed 
in Burbank, California at the time of its 
disappearance and he asks our readers in 
that area to be on the lookout for it. 

Mr. Richert is the man to contact if you 
have any information about this oscillo- 
scope. 
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Electronic people, other than those engaged in television work, shoidd also find this 
arhcle^ of interest. Where there is a necessity for good resohition of phase characteristics, 
the sine-squared testing technique offers great potential in the evaluation of broad-hand 
amplifier performance. 



Editor’s note — Ihe major North American 
television networks now transmit a sine- 
squared signal for network-testing purposes. 
Test methods employing this signal easily 
detect small abnormalities in the linear- 
transmission performance of television links. 
Abnormalities that, although they greatly 
affect the quality of the television picture, 
are difficult to evaluate using conventional 
steady-state methods of signal testing. 



When a television camera scans a vertical 
white line against a black background, the 
camera ontx^ut resembles a sine-squared 
pulse. This pulse contains frequency com- 
ponents that extend toward the ui)per band- 
width of the TV system. For faithful re- 
production of a televised picture, the entire 
TV system should be capable of passing 
this pulse without undue distortion or 
change in width or shape. 

Since the reproduced condition of this 
pulse depends on the quality of tlie TV 
.system, i.e., transient response, envelope and 
I)liase delay, it became api)arent that a 
synthetically generated pulse of this type 
would make an ideal test signal. Thus 
tlie sine-squared inilse was born. 

To make this type of test more com- 
plete, a low-frequency signal, the siir bar, 
was joined with tlie siir pulse to form a 




Figure 1. Sine wave with a single cycle indi- 
cated by the heavier line. 



composite signal that can test the entire 
frequency spectrum of a TV system. 

This composite signal, now available 
from commercial sine-squared generators, 
can be used in a number of ways. The 
test signal can be coupled directly into a 
camera, link amplifier, or transmitter, and 
the output examined on an oscilloscope. 
Or, during non-viewing hours of a TV 
network, the composite signal can be trans- 
mitted on each horizontal line of the cam- 
era scan, received at network affiliate 
stations, and examined for distortion. An 
additional method, used by all major net- 
works, is to transmit the composite test 
signal during regular viewing hours but 




Figure 2. The single cycle of Figure 1 with 
the base line moved to the bottom. 

only include it in a single horizontal line 
during tlie vertical blanking period. With 
this latter method, the condition of the 
entire system can be constantly monitored 
tliroughout the transmission period. Since 
tlie test signal occurs on a single line dur- 
ing vertical blanking, an oscilloscope ca- 
pable of displaying this line is necessar}'. 
The Tektronix Special -Model Type 527 or 
Special-Model Type RM527 TV Monitor 
can l)e used for this purpose. 

Sin" Pulse and Bar 

One can perhaps best visualize tlie shape 
of the sin" pulse b}- thinking of a sine 
wave with tlie base line moved to the bot- 
tom (see Figure 1 and 2). The pulse 



Tektronix Instrument-Repair Facilities: There is a fully-equipped and properly-staffed Tektronix In- 
strument Repair Station near you. Ask your Field Engineer about Tektronix Instrument-Repair facilities. 




width of the test pulse is made to be one- 
half of the period of one cycle of the 
upper cutoff frequency of the TV system. 
Thus tlie pulse width when used with a 
4 megacycle system is 0.125 microsecond. 
This time (0.125 ^sec) is designated by 
a capital T. A siir pulse with a width 
of 0.125 /isec is 6 db down at 4 megacycles 
and contains practically zero energy at 8 
megacycles. For routine tests a sin' pulse 
with a wddth of 2T (0.250 /isec) can be 
used. A sin' T pulse is shown in Figure 3. 

The siir bar, also called a white win- 
dow, is a combination of a square- wave 
and a siir pulse. The risetime and fall- 
time is the same as an integrated sin' 
pulse while the flat -top is similar to a 
SCI ua re- wave. Pulse width of the bar sig- 
nal is 25 microseconds whidi is 0.4 H. (H 




Figure 3. Sin^ T pulse. 

is the time -length of one horizontal line, 
63.5/c.sec). The bar signal is shown in 
Figure 4. 

The composite test signal, with typical 
time s pacings is shown in Fig. -5. 




Figure 4. Sin^ bar, a combination of a sin^ pulse and a square wave. 




Figure 5. Composite test signal with typical time spacings. 



The Oscilloscope and Sin* 

The type of oscilloscope needed to ex- 
amine the sine -square signal depends on 
the type of transmission. For example, 
within the studio, where a sine- square 
generator supplies tiie test signal continu- 
ously a triggered oscilloscope such as tlie 
Tektronix Type 524 with adjustable time- 
base can be used. Flowever, when the test 



signal is present only on a single line of 
each frame, some method of selecting and 
examining this line must be used. The 
line selector feature of the Tektronix 
Special- Model Type 527 or Type RM527 
allows the operator to select and examine 
any line witliin the television frame. Brief- 
ly, the line selector uses the principle 
of a delayed trigger. A trigger circuit 
phantastron is started by the vertical 



sync pulse of the received signal. The 

phantastron is mixed with each horizontal 
sync pulse of tlie signal and presented to 
a comparator. The voltage on the opposite 
side of the comparator can be adjusted to 
make the comparator switch on any one 
of tlie field horizontal sync pulses. The 
output of the comparator is a trigger pulse 
that starts the sweep in the oscilloscope. 

When a single line that contains the 

sin' pulse and bar is selected, the Type 
527 sweep is set to 0.125 H/CM, and 

since the bar signal is 0.4IT, it will oc- 
cupy 3.2 horizontal centimeters. After the 
bar signal lias been examined, tiie sweep 
control is switched to 0.005 H/CM and 
the sin' pulse examined in detail. 

Typical Sin" Response to Distortion 

Tlie change in shape and size of the 
composite sin" test signal is a direct indi- 
cation of the kind of distortion a system 
produces. Flere are several examples of 
these changes. 

1. Low-frequency distortion. This type 
of distortion has its greatest effect on 
the sin" bar while little change is seen 
in the siiT pulse. Depending on the time- 
constant of the circuit involved, the bar 
will show : undershoot, overshoot, or 

horizontal tilt. For example, a short time- 
constant undershoot is a leading-edge roll- 
off, as shown in Figure 6-a ; while a long 
time-constant overshoot is a negative 
tilt (drop in amplitude from leading 
to trailing edge), as shown in Figure 
6-b. 



(A) 




Figure 6. Sin^ test signal showing: (a) short 

time constant undershoot, (b) long 
time constant overshoot. 

2. Frequency Response irregularities. 
When the frequency response is not 
flat across tlie bandwidth of the system, 
we get dips and bumps. These dips and 
bumps on the test signal are actually 
ringing that is related to the frequency 
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Figure 7. Sln^ test signal with dips and bumps 
caused by frequency response irregu- 
larities. 



irregularity (Figure 7). Once again llie 
change in the test signal depends on 
the frequency. 

3. Reflections. Since the sin" test sig- 
nal can be transmitted (during the ver- 
tical blanking interval), the nature of 
reflections caused by multi -path signals 
can be measured. (See Figure 8.) ‘ 



Figure 8. Sin^ pulse showing a leading and a 
trailing reflection or echo. 



4. High-frequency roll-off (Figure 9). 
The most significant change caused l)v 
reduced l)andwidth is the amplitude of 
the sin' pulse. And with litis reduced 
amplitude, the pulse width increases since 
the area of the pulse represents a dc 
component that remains constant. From 
the appearance of the pulse, you can 



Figure 9. Sin^ pulse showing distortion caused 
by high frequency roll off: reduced 
height, increased width, and decay- 
ing ringing. 



estimate the shape of the roll-off curve. 
For example, a slow roll-off produces 
a large reduction in amplitude with lit- 
tle, if any, ringing; while a rapid roll- 
off (almost a cutoff) affects the ampli- 
tude less, but does show considerable 
ringing. 



CAPTURING POWER-LINE TRANSIENTS 

by Ron Bell 

Tektronix Field Engineer 



Power-equipment engineers frequently 
find it nece.ssary to measure transients on 
sixty-cycle power lines. The need arises, 
for example, when working with solid-state 
power-control equipment. Large voltage 
transients, introduced tli rough the power 
line, can cause equipment malfunction or 
even semi-conductor failures. Circuit-break- 
er testing, where the sudden closure or open- 
ing of a circuit marks the beginning of a 
test, is anotlier situation requiring transient 
measurements. In these circumstances, it is 
common for the engineer to display the 
transient on an oscilloscope ; photographing 
the results for anah-'sis. 

But it is not always easy to photograph 
the transients. 

The power-line waveform with simulated 
transients, shown in Figure 1, will serve 
to explain the operating problems. Notice 
first that transient A exceeds the peak line 
voltage ; wliereas transient B does not. 
Notice also that transient A is a positive- 
going impulse and transient B is negative 
going. 

Photographing transient A would be rel- 




Figure 1. Power-line waveform with simulated 
transients. 

atively easy. The oscilloscope triggering cir- 
cuits could he adjusted to initiate a sweep 
(1) during a positive-going slope and (2) 
when the instantaneous voltage exceeds the 
peak-line voltage. If, however, the tran- 
sient occurred later in the cycle, the in- 
stantaneous transient voltage would not ex- 
ceed the instantaneous power-line voltage. 
As a result, condition (2) would prevent 
sweep triggering. Adjusting the trigger cir- 
cuits for a lower triggering level would re- 
sult in power-line waveform triggering. 

To differentiate between transient volt- 
ages and the power-line waveform, the 



sixty-cycle component can he rejected from 
the trigger circuits. This is accompUslied 
by operating in the AC LF-REJECT mode. 
In this mode, the triggering circuits re- 
spond to the transients as though they 
started at zero volts, regardless of when 
they occur during the power- line cycle. 

Using the AC LF REJECT mode, tran- 
sient B could he photographed by adjust- 
ing the trigger circuits for triggering dur- 
ing a negative slope. Obviously, it is rare 
that the polarity of a transient is known be- 
forehand. In short, for any one setting 
of the triggering controls, we can display 
either transient A or B, Imt not both. If 
transients of both polarities are to be dis- 
played, -it is nece.ssary that the triggering 
circuits respond to both concurrently. 

This article describes a modification to 
I>ermit triggering on plus and minus slopes 
concurrently. The circuit information ap- 
plies specifically to the 530 A -, 540 A- and 
5 50- series oscilloscopes. In general the cir- 
cuit modification can he applied to other 
instruments (except those with solid-state 
triggering circuits) with only minor 
ciianges. 
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VOLTS/CM 1 

CALIBRATOR 5 

TRIGGERING AC LF- 

MODE REJECT 



+ 225 +225 +1 00 




Figure 2. Modified Trigger-Amplifier Circuit of a Type 530 or Type 540 Series Oscilloscope. 



The modified-circuit diagram is shown in 
Figure 2. Notice tliat the only additional 
j)arts required are two T-12G diodes, a 
150 k resistor and a 47 k resistor. Notice 
also that the 47 pf capacitor normally con- 
nected across the pi ate- load resistor of the 
left-hand triode has been removed and that 
the grid of the right-hand triode is ground- 
ed. 

Circuit operation is almost self-explana- 
tory. The two T12G diodes are normally 
back-biased between the center- tap of the 
voltage divider and the quiescent triode 
plate voltages. The sixty-cycle power -line 
waveform (and, of course, the transient) 
is connected to the input connector. 

The time constant of the 100 pf coupling 
capacitor and the 100 K input resistor is 
short enough to effectively block the sixty- 
C 3 ^le component ; while at the same time, 
allowing fast -changing transient voltages to 
pass through to the input grid. The two 
triodes are operating as a paraphase in- 
verter. If the input transient is positive- 
going, it will cause the left-hand plate 
voltage to go down. Similarly, if the input 
transient is negative- going, it will cause the 
right-hand plate to go down. 

A negative -going voltage on either triode 
plate will cause the associated diode to go 
into conduction. When one of the diodes 
conducts, a negative -going voltage appears 
at the common -anode point. This negative- 
going voltage is coupled to the trigger 
multivibrator which, in turn, triggers the 
time-base generator. 



Trigger sensitivity of the modified cir- 
cuit is less than normal. Unmodified, the 
triggering circuit will respond to 0.1 volts 
or less. This circuit requires approximately 
1.5 volts. For simplicity, the right-hand 
triode grid is grounded. Because of im- 
balance in the triodes and tolerance in the 
plate-load resistors, it is unlikely that the 
plate voltages will be equal. To avoid the 
possibility of no-signal diode conduction, 
tlie diode anotle voltages are lower than 
necessary. This means the triggering volt- 
age must overcome this back -bias before 
triggering can occur. Tins should not be 
a handicap, however, since ample trigger- 
ing voltages are usually available in power- 
line testing. 

Near- norm a I sensitivities can be realized 
by replacing the 150 k resistor in the divider 
with a 220 k resistor. It will be necessary 
to check the plate voltages for imbalance. 
Removing the ground from the right-hand 
triode grid will permit using the TRIG- 
GERING LEVEL control to achieve per- 
fect balance. Of course, the operator must 
be careful not to disturb this control once 
adjusted. 

To adjust the circuits for correct oper- 
ation, set the front- pan el controls as fol- 
lows : 



TIME/CM 


2 //.sec 


5X MAGNIFIER 


Off 


STABILITY 


Preset 


TRIGGERING LEVEL 


0 



TRIGGER SLOPE + Int. 

Connect the Calibrator output to the plug- 
in input. Starting with the Trig. Level 
Centering Control turned fully clockwise, 
turn it counter-clockwise for a display 




Figure 3. Initial display during adjustment pro- 
cedure. The vertical deflection factor is 1 volt/ 
cm. The sweep rate is 2 fxsec/cm. 



similar to Figure 3. Next, reduce the ver- 
tical deflection with the Volts/CM controls 
until either the upper or lower trace dis- 
appears. Turn the Trig. Level Centering 
Control CCW to restore the display. Con- 
tinue to reduce the vertical deflection while 
adjusting the Trigger Level Centering Con- 
trol until the two traces are separated by 
1 cm or less. 

To verify your adjustments, connect the 
calibrator output to the External Trigger 
Input connector. Set the Trigger Slope 
Switdi to -|- Ext. You should be able to 
obtain displays similar to Figure 3 over a 
range of input voltages from 2 to 10 volts. 

Details on how tiiis modification might 
be installed in an oscilloscope are left to 
the inventiveness of the reader. Certainly, 
consideration should be given to how fre- 
quently it might be used. In tho.se situations 
where this mode of operation would be 
used often, a permanent switch function 
would seem most convenient. On the other 
hand, for occasional “one-shot’' applications, 
it might be simpler to “tack -in” the compo- 
nents as needed. On those instruments hav- 
ing an operator’s manual compartment in 
the right-hand side panel, one .shouldn’t 
overlook the possibility of mounting a 
chassis directly underneath the compart- 
ment for easy access through the trap- 
door. 
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CERAMIC STRIP BREAKAGE 
TRACED TO EXCESS SOLDER 

The newer high-density (tightly-notched) 
ceramic strips will sometimes break if 
the notciies are over- filled with solder. 
Tlie shrinking of the solder as it cools 
can cause stresses severe enough to crack 
the strip. The shrinking solder tries to 
pull the two ends of the strip together. 

One should take care when soldering 
these strips to use just enough solder to 
cover the wires. The resulting connection 
will be just as electrically sound as when 
the notch is filled. 

The use of Enthoven silver-bearing sol- 
der (instead of Divco), coupled witli the 
use of solder in judicious amounts reduces 
the hazard of breakage to a minimum. 
Enthoven solder possesses a higher “creep- 
rate”, i.e., it relaxes more ciuickly after 
hardening. Both Enthoven and Divco sol- 
der tend to cold- flow and relieve the ten- 
sion, tlie Enthoven immediately, the Divco 
more slowly. Enthoven solder is identified 
by' a star-shaped rosin core ; Divco has a 
round core. 

A recent change in the material used 
in the manufacture of our high -density 
ceramic strips should further alleviate this 
breakage problem. This new material of- 
fers increased flexural strength, tensile 
strength and compressive strength. It also 
has a lower thermal expansion which helps 
in thermal shock. An empirical test which 
we developed for checking thermal shock, 
consists of excessive loading of silver or 
solder in the notches. Under these test 
conditions, the new porcelain material dis- 
plays a pronounced superiority over the 
old material. 

NEW NE-23 NEONS VERSUS THE 
OLDER NE-2 NEONS 

From time to time a problem arises 
within an instrument because a NE-2 neon 
refuses to immediately ionize upon appli- 
cation of voltage. Previously, all neons ex- 
hibited a touchiness about environmental 
conditions — sensitivity to temperature 
changes, light, radiation, etc. A new neon, 
the NE-23, offers a good solution to this 
problem. A tiny dot of radioactive mate- 
rial, added to the glass envelope during 
manufacture, guarantees the immediate ion- 
ization of the neon gas. 



Modifications now in progress will 
change, wherever possible, the neons in in- 
struments manufactured by Tektronix, Inc. 
to the new NE-23’s. For the present, cer- 
tain circuits will continue to use NE-2’s 
for a specified voltage drop. As selected 
NE-23's become available for these circuits 
they will replace the NE-2 neons. 

BLADE-TYPE ALIGNMENT TOOL 
IMPROVEMENT 

Our thanks to Bob Nagler, Field Main- 
land, USAF with the PME Lab. in Ram- 
stein AB, Germany, who offers this sug- 
gestion : 

“When using blade- type alignment tools 
it is often difficult to position the blade 
to fit the slot since the blade cannot be 
seen from the top. To remedy this trouble, 
modify the tool as follows : Scribe a line 
across the top of the handle of the blade- 
type tool to indicate the position of the 
blade. The scribed line may be filled with 
paint to give better visibility.” 



We tried Sgt. Holland's suggestion (see 
Figure 1) and liked the result. 




Figure 1. Scribed line on handle indicates posi- 
tion of blade. 



TYPE 2B67 TIME-BASE UNIT— COM- 
PROMISE SETTING OF STABILITY 
CONTROL CRITICAL 

With the MODE control of the Type 
2B67 Time Base Unit in the SINGLE 
SWEEP position, current drawn through 
R126 (a 220 k resistor) can cause the set- 
ting of the STABILITY control to become 
quite critical. 

R126 functions to keep Q124 (a 2N2043 
transistor) turned off when the sweep is 
“armed” and the READY light on (ready 
to be triggered). It may pull the plate of 
VI 35 A (k 2 of a 6DJ8 tube) enough posi- 
tive while in this condition to shift the trig- 
ger able range of the multivibrator consider- 
ably. In a typical instrument, the STABIL- 
ITY control may offer a compromise set- 



ting (for operation in both NORM and 
SINGLE SWEEP modes) with a range 
of only about 0.5 volt. 

The 220 -k value of R126 was selected to 
prevent Q124 from turning itself on with 
col led or -base leakage which, according to 
the manufacturer’s spec sheet, can be 500 
^amp at 71° C. Flowever, experience in the 
field with this instrument indicates a much 
smaller typical value of leakage — so much 
so that most of the current from R126 
simply goes to upset the sweep- gating mul- 
tivibrator's hysteresis range. 

Check the quiescent (READY) value of 
plate voltage at pin 1 of VI 35 A. If plate 
voltage changes by more than about 5 volts 
as the MODE control is moved from 
NORM to SINGLE SWEEP, try changing 
R126 to a value between 470 k and 1 M. 
This will usually help consider ably" in mak- 
ing the compromise setting of the STA- 
BILITY control easier to find and more 
stable. 

Our thanks to Bob Nagler, Field Main- 
tenance Representative of the Toronto Field 
Office of Tektronix Canada, Ltd. for point- 
ing up this problem and offering a solu- 
tion. 

TYPE 6R1 AND TYPE 6R1A DIGITAL 
UNIT CAUTION 

Ben Franklin, or somebody, once said, 
“A word to the wise is sufficient”. The 
word this time is: Alwaycs turn off the 

power when removing or replacing circuit 
cards in the Ty'pe 6R1 or Type 6R1A Digi- 
tal Unit of a Type 567 Digital Readout 
Oscilloscope. 

Failure to do so may cause destruction 
of some transistors and other components 
both in the replacement and other circuit 
cards of the Digital Unit. 

Plugging a circuit card into the Digital 
Unit with the power on can cause the 
2B67 Time Base Unit in the SINGLE 
voltage-carrydng contacts in the connector 
to introduce voltage to tlie board’s circuit 
(or circuits) a momentary instant before 
other contacts in the connector mate to 
establish a return- voltage path. 

When this occurs, the momentary delay 
may cause a surge of power or generate 
a transient that exceeds the dissipation ca- 
pabilities of certain transistors or other 
components in the Digital Unit’s plug-in 
circuit cards. 



TYPE 580 SERIES OSCILLOSCOPES— 
DIRECT CONNECTION TO CRT VER- 
TICAL PLATES 

Several circuit changes plus- the construc- 
tion of a bahin will allow direct connection 
of signals to the vertical deflection plates 
of the crt in Type 580 Series Oscilloscopes. 
Input impedance is about 50 ohms (47^ 
ohms actual) and sensitivity is about 5 volts 
per centimeter depending on the crt. Rise- 
time is essentially that of the crt deflec- 



tion structure — about 1 nanosecond. Low- 
frequency cutoff L/R-risetime constant 
varies with signal amplitude from about 
20 microseconds a centimeter step amplitude, 
to about 30 microseconds at Yz centimeter 
amplitude. 

Returning tlie oscilloscope to normal op- 
eration will require rewiring tlie vertical 
output system to the original circuit. 

Figure 2 shows the new vertical output 
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The 500 il pot installed in this modifica- 
tion takes the place of R1293 in tlie normal 
circuitry. Consult the “Adjust Vertical 
System FI igh- Frequency Compensations" 

section of your Type 580 Series instrvKtion 
manual for instructions on the function of 
this pot. 




Figure 2. Type 580 Series Oscilloscope — Vertical-output circuit for direct connection to crt vertical 
plates. 



circuit. Figure 3 shows the input connector, 
cables, balun and 107 ohm resistors. The 
cable from the input connector, through the 
balun and to the one deflection plate and 
the cable from the input connector to the 
other deflection plate must be the sauw 
length, and as short as possible (for mini- 
mum cable loss). 

To construct the balun, first construct 
the transition by severing one of tlie pieces 
of 93 cable at mid- point and reconnect- 
ing the severed pieces as shown in the 



“Transition detail” of Figure 3. Next, place 
tlie transition within the 101 ferrite core 
and pass each end of the cable through the 
core four times as shown in Figure 3. 
Each pass of the cable through the core 
constitutes a turn and each side of the 
transition is considered Y 2 a turn. 

Parts required : 

Tektronix 

Qty. Item Part No. 

1 50012 pot. 311-056 
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Figure 3. Connecfor detail for direct connection to crt vertical plates — Type 580 Series Oscilloscope. 
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Roulette patterns, because they retain their shape under conditions of slight 
oscillator frequency drift, offer a considerable advantage over the use of 
Lissajous figures in making frequency comparisons. 



High-ratio frequency comparisons by use 
of Lissajous figures are often difficult to 
observe. Any sHglit oscillator frequency drift 
causes the Lissajous figure to change shape. 
The display appears to rotate in a plane per- 
pendicular to the face of the cathode-ray 
tube. Since the front and back portions of 
the figure are not separated, interpretation 
of the pattern becomes increasingly difficult 
as the frequency ratio increases. 

Roulettes are much easier to interpret than 
are Lissajous figures because slight os- 
cillator frequency drifts cause a pattern 
rotation in the plane of the crt screen with- 
out a change in pattern shape. Roulettes 
are readily displayed with oscilloscopes hav- 
ing differential inputs on both the horizontal 
and vertical amplifiers. 

Several Tektronix Oscilloscopes and Oscil- 
loscope/Plug-In combinations lend them- 
selves to this application. The reference 
chart which appears elsewhere in this article 
lists these oscilloscopes and oscilloscope/plug- 
in combinations. It also gives their sensi- 
tivil 3 ^ and bandpass capabilities. 

The waveforms illustrating this article 
were photographed using a Type 564 Storage 
Oscilloscope with two Type 3 A3 Dual-Trace, 
Differential Plug-In Units — one in the verti- 
cal and one in the horizontal plug-in com- 
partments. The storage feature of the Type 
564 Oscilloscope makes this instrument the 
ideal choice for this application. As men- 
tioned before, a slight drift in oscillator 







Type 564 Storage Oscilloscope with two Type 3A3 Dual-Trace Differential Plug-In Units, one In the 
vertical and one in the horizontal amplifier compartments. 



frequency will cause a rotation of the dis- 
pla}^ed roulette pattern. The rotation will 
be in the plane of the crt. The operator, 
by employing the Storage mode of Display, 
can “stop” this rotation for ease in counting 
the points of the roulette pattern. This 
count, which will be explained later, is a 
necessary part of the application procedure. 

As for the other oscilloscope and oscillo- 
scope/plug-in combinations listed on the 



reference chart, the best way to “stop” the 
roulette-pattern rotation on these instruments 
is to use an oscilloscope camera and photo- 
graph the display, 

“Stopping” the roulette pattern’s rotation 
is not, however, a necessary part of the 
application. One can usually control the 
drift in oscillator frequenc 3 ^ to a point where 
the roulette pattern remains stable enough 
for an accurate point count. 
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How to set up roulette patterns 




Fig. 1. Circuitry For Displaying Roulette Patterns. 



Fig. 1 shows the circuit used in displaying 
roulette patterns. Transformers Ti and T- 
provide isolation so that both of the signal 
sources can be operated with a common 
ground connection. In many applications 
either one or both of the transformers can 
be omitted, provided lium problems are not 
encountered. If isolation transformers are 
not used, the signal sources should be oper- 
ated without a common ground connection. 
For convenience, we will discuss the display 
of roulette patterns at audio frequencies. 
Y ou can use any signal source within the 
frequency range of your oscilloscope, how- 
ever, stable radio- frequency displays are 
usually limited to crystal-controlled frequen- 
cy sources. The circuit adjustment procedure 
is as follows: 

1. Turn on the equipment and allow a few 
minutes for warm-up. 

2. Using appropriate settings, adjust the 
plug-in units’ V/CM controls to provide 
equal sensitivities for both the VERTI- 
CAL and HORIZONTAL channels. 
Should later readjustment be necessary, 
keep the sensitivities equal. 

3. Set the output amplitude of both fre- 
quency sources to zero. 

4. Advance the amplitude control on the 
higher- frequency generator until an 
elliptical trace appears on the ert screen. 
Adjust R -2 and Oz until the ellipse be- 
comes a circular .shape. Return the 
output amplitude of the higher- fre- 
quency generator to zero. 

5. Advance the amplitude control on the 
lower- frequency generator until an el- 
liptical trace appears on the ert screen. 
Adjust Ri and Ci until tlie ellipse be- 
comes a circular shape. 

6. Readvance the amplitude ’control on the 
higher- frequency oscillator to obtain 



the desired roulette. Adjust the fre- 
quency of either oscillator for a sta- 
tionary pattern. 

Typical patterns for a 15:2 frequency 
ratio are shown in Fig. 2. The patterns 
differ only in that the output amplitude of 
the higher- frequency generator is greater 
in Fig. 2b. 

To determine the frequency ratio, count 
the total number of points on the circum- 
ference of the pattern (17 points in Fig. 2a). 
Call this number Ni. Next, determine the 




Fig. 2. Typical roulettes for a 15:2 frequency 
ratio. 



number of points passed over in tracing 
from one point to anotlier along the figure. 
For instance, in tracing from point 1 to 
point 3 in Fig. 2a, only one point (point 2) 
is crossed. Add one to this numlier and call 
it N 2 . The ratio of the two frequencies is 
given by : 



U 

L 




(17-2) 

2 



15 :2 for Fig. 2a. 



When no points are crossed in moving 
from one point to another along the trace, 
the ratio of freciuencies is a wliole number 
(an integer), and the ratio is simply one less 
than the total number of points on the pat- 
tern circumference. Fig. 3 shows a 21 point 
pattern indicating a 20:1 frequency ratio. 




Fig. 3. Roulette pattern for a frequency ratio 
of 20:1. 



Theory 

The operation of the circuit of Fig. 1 is 
best understood by the application of super- 
position theory. We first determine the ert 
trace deflections produced by tlie signal 
sources operating separately, then we add the 
resultant deflections vectorially. Fig. 4a 
shows the circuit of Fig. 1 redrawn and 
slightly revised. FI ere, we have replaced the 
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cathode- ray oscilloscope with the crt deflec- 
tion plates corresponding to the amplifier 
input connectors. In addition, we have re- 
placed the higher- frequency oscillator by its 
internal impedance Z 2 . The impedances Xcs, 
Ro and Z 2 can usually be neglected when 
compared to the oscilloscope input re- 
sistances (1 megohm). Neglecting these im- 
pedances, we get the simplified equivalent 
circuit of Fig. 4b. If the magnitude of Xci 
equals Ri at the frequency fi, a circular trace 
appears on the crt screen. If generator i-> 
is restored and generator fi is replaced by its 
internal impedance, the analysis outlined 
above may be repeated. With both fi and f 2 
in operation, the actual deflection of the 
electron beam is the vector sum of the posi- 
tions due to each of the frequency sources 
acting separately. 




Fig. 4a. Equivalent circuit of Fig. 1, with the 
higher-frequency generator replaced by 
its internal impedance. 
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Fig. 4b. Further simplification of Fig. 4a. 

The graphical addition of the deflections 
due to each of tlie frequency sources acting 
separately is not difficult. Assume, for 
example, a 3:2 frequency ratio. Assume, 
also, that the frequency sources, when ap- 
plied individually, produce circles C and D as 
shown in Fig, 5. The numbers on the peri- 
meter of the circles represent the hypotheti- 
cal position of the beam on each circle at 
corresponding instants of time. By taking the 
vector sum of the displacements from the 
center, as indicated in Fig. 5, the actual posi- 
tion of the spot on the screen can be deter- 
mined. The locus of many such determina- 
tions is the desired roulette. Fig. 6 shows the 
same pattern displayed on the crt screen. 

Roulettes can be analyzed by geometrical 
analogy. The pattern of Fig. 2a is generated 
by a point on the surface of a cylinder roll- 
ing on tlie inside of another cylinder. Curves 
of this type are called hypocycloids. If you 
interchange one pair of RC elements in the 
circuit of Fig. 1, the patterns will be turned 
inside out. Tliis is equivalent to having the 
generating circle roll on the outside of an- 



o 




Fig. 5. Graphical construction of a roulette pat- 
tern for a frequency ratio of 3:2. 




Fig. 6, Roulette pattern for a 3:2 frequency 
ratio. 



other cylinder. In this case, the point on the 
surface of the rolling cylinder generates a 
special form of inverted roulette called an 
epicycloid. 

Drift Measurements 

When the ratio of the oscillator fre- 
quencies is not exactly integral (or frac- 
tional), the pattern rotates on the crt screen. 
The number of complete pattern rotations 
per second is proportional to the number of 
cycles per second that the lower- frequency 
oscillator differs from the frequency that 
gives an exact integral ratio. If the oscil- 
lator frequencies are initially adjusted for a 
stationary pattern, any subsequent rotation 
is a direct measure of the total frequency 
drift between the two oscillators. This 
method of measuring drift is best suited to 
oscillators that have very small drift rates. 

You will usually find that it is easier to 
count the number of points passing a partic- 
ular graticule line per second rather than to 
count the whole number of pattern rotations. 
The drift expressed in cycles per second of 
the lower- frequency oscillator is given by : 
(N 2 ) (No. of points per second 
passing a grat. line) 

Drift = 

where N 2 and Ni are as defined previously. 

The equivalent drift of the higher- fre- 
quency oscillator can be determined by multi- 
plying the equivalent drift of the lower-fre- 
quency oscillator by the frequency ratio. 




3 



























































LISSAJOUS PHASE-MEASUREMENT 
GRATICULE 




The 8 X 8 cm phase-measurement graticule 
(Tektronix part number 331-057), original- 
ly designed for use with the Type 536 X-Y 
Oscilloscope, will work equally well with 
the Type 661 Sampling Oscilloscope and the 
Tj^pe 504 X-Y Oscilloscope. This special 
graticule (see Figure 1) is useful in meas- 
uring phase differences from Hssajous dis- 
plays. 

REPLACING CABLES CONTAINING 
COLOR-CODED WIRES 

Here’s a time saver when replacing cables 
containing color-coded wires. When you 
remove the old cable, cut the wires about Yi 
inch from their solder points. If you do 
this you then have the color codes to go 
by when installing the new cable. 

Jim Hartley, Field Maintenance Engineer 
with our Orange Field Repair Center, of- 
fered this suggestion with the comment 
that he finds it saves a lot of time over 
other methods. 

FILM-PACK BACK FOR TEKTRONIX 
CAMERAS 

A new Film- Pack camera back adapts 
all Tektronix Trace-Recording Cameras to 
use Polaroid’s® two recently introduced 
j)lastic film packs — 3000 speed/Type 107 
and Pola Color®/Type 108. 

These new plastic film packs offer sev- 
eral advantages over the older roll -type 
film. 

1. They load easier and faster — just slide 
the plastic pack in place, pull a tab 



and you’re ready to shoot the first 
picture. 

2. They allow you to shoot pictures faster 
— the exposed film develops the picture 
outside the camera (black and white 
in ten seconds, color in 50 seconds). 
You are free to keep shooting — ^no 
waiting for the picture to develop. 
This can be a big help when a rapid 
sequence of pictures is needed. 

3. Unlike the roll-type film, the new 
film pack produces flat prints with 
no bothersome curl to straighten out. 

The new Film-Pack camera back inter- 
changes with either the Roll-Film back or 
the Graflok back. No tools required. Order 
through your local Tektronix Field Office, 
Field Engineer or Representative. Specify 
Tektronix part number 122-671. 



TYPE 3B1 TIME BASE UNIT— DE- 
LAYED SWEEP TRIGGERS BEFORE 
END OF DELAY 

A large external trigger can sometimes 
override the lockout circuit and trigger 
a delayed sweep before expiration of the 
delay period when the controls of the Type 
3B1 are set as follows: MODE to DLY’D, 
TRIG.; SOURCE (DELAYED SWEEP 
TfUGGERING) to EXT. 

It usually takes a trigger signal of about 
20 volts in the non -attenuated external trig- 
ger (±15 volts) range to cause this to 
happen. 

An easy cure is to replace R202, a 680 12, 

w, 5% resistor with a Ik, Y w, 5% 
resistor (Tektronix part number 315-102). 

This information applies to Type 3Bl’s 
with serial numbers helozv 2111 . Instru- 
ments above this number have the change 
implemented at the factory. 

TYPE 525 TELEVISION WAVEFORM 
MONITOR AND TYPE 526 COLOR- 
TELEVISION VECTORSCOPE — 6DB6 
VACUUM TUBES REPLACED BY 
6HZ6 TUBES 

Manufacturers of the 6DB6 Vacuum tube 
have discontinued its manufacture. The 
6DB6 was used in the V310 location of 
the Type 525 and the VI 4, V24, V304, 
V314, and V354 locations of the Type 526. 
As a replacement we recommend the 6PIZ6 



tube. It has characteristics similar to the 
discontinued 6DB6 and may be used as 
a direct replacement in the locations men- 
tioned above. No modification required. 

TYPE 517A, TYPE 517, AND TYPE 
555 OSCILLOSCOPES — ADJUSTING 
THE 6.3 VOLT REGULATED HEATER 
SUPPLY 

Setting the Reg. Htr. Adj. control of 
these instruments requires the use of an 
ac voltmeter having an iron -vane or dyna- 
mometer-type movement and a range of 
zero to 10 volts rms. A meter employing 
a d’Arsonval-Type movement — a vtvm, for 
instance — will not give the required accu- 
racy for this measurement. In measuring 
ac voltage the accuracy of a meter with a 
d’Arsonval-type movement is predicated on 
the ac voltage waveform being a pure sine 
wave. 

The Type 517, l^pe 51 7 A and Type 555 
Oscilloscopes incorporate a saturable re- 
actor in their regulated-heater circuits. The 
ac- voltage waveform in passing through this 
saturable reactor undergoes alteration to 
the extent that it is no longer a pure sine 
wave. Therefore, the actual value of the 
regulated heater supply in these instru- 
ments, if set to 6.3 volts with a voltmeter 
of the d’Arsonval-movement type, will be 
7.3 volt.s — 1 volt too high. 

This excess of 1 volt of filament power 
will considerably shorten the life expect- 
ancy of tubes and seriously degrade the in- 
struments’ reliability. 

TEKTRONIX CIRCUIT COMPUTER 

The Tektronix Circuit Computer, a cir- 
cular slide- rule device, computes directly 
problems involving resistance, inductance, 
capacitance, frequency and time. Its pri- 
mary design objective is to provide a means 
of quick computation of time values from 
other circuit dimensions. 

With slide- rule ease the engineer or tech- 
nician can compute : 

1. Capacitive Reactance 

2. Inductive Reactance 

3. Resonance 

4. RC Time Constant and Resistance 

5. L/R Time Constant and Reactance 




6. Filter Cut-off Frequency 

7. Risetime 

The computer consists of three circular 
decks — containing seven accurate scales' — 
and a hairline indicator. Each scale is 
clearly identified and the scale graduations 
— jet black on pure white — stand out in vivid 
contrast and help to provide easily -read 
answers. 

The computer is constructed of laminated 
plastic — light weight but durable. Mylar 
laminations over the three decks protect the 
printed information from wear and assure 
its remaining clearly legible under even 
the most strenuous use. 

Overall diameter of the computer is . 

An by 11" booklet which accom- 

panies the computer presents, in clearly- 
Avritten and easily-understood steps, instruc- 
tions for its use. The booklet also contains 
a short discussion of Risetime and Time 
Constant. 

These computers are available tli rough 
your Tektronix Field Engineer or local 



TYPE 541 AND TYPE 545 OSCILLO- 
SCOPES — VERTICAL AMPLIFIER 
TUBES 

This modification replaces the checked 
6CB6 tubes in the distributed amplifier 
stage with Type 8136 tubes. The 8136 
tubes deliver greater reliability, give higher 
gain and experience only negligible cathode 
interface over a long period of time. 

The modification also changes: R1142, 

screen resistor in the vertical amplifier 
circuit, to 820 0 (2w, 10%) to provide 
a more suitable bias for the 8136 tubes; 
and R1021 and R1024, plate resistors in 
the input amplifier, to 500 0 (54w, 1%) 
to compensate for the increased gain de- 
livered by the 8136 tubes. 

This modification applies to Type 541 's, 
serial numbers 101 through 6474; and Type 
545 ’s, .serial numbers 101 through 9291. 

Order through your local Tektronix Field 
Representative or Field Office. Specify 
Tektronix part number 040-360. 



TYPE 564 STORAGE OSCILLOSCOPES 
—REMOTE ERASE FEATURE 

This modification provides an external 
Remote- Erase feature for the Type 564 
Storage Oscilloscope. 

It installs a circuit assembly which con- 
tains two monostable multivibrators — one 
for the Upper display area and one for 
the Lower display area. When activated 
from either the front panel Erase con- 



Field Office, The Tektronix Part Number 
for the computer is 003-023. 



IDENTIFYING POLAROID PRINTS 




Figure 1. Information noted on Polaroid print 
with a hot soldering iron. 



Ken Steele of the Hartman Electric Com- 
pany in Mansfield, Ohio volunteers the in- 
formation that a hot, 25 watt soldering iron 
employing a YY round tip supplies a con- 
venient way of writing information on 
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trols or the Remote- Source Erase controls 
these multis erase their respective display 
areas. The Remote-Source Erase control 
can be any switch contact that can short 
a wire from the Type 564 to ground or 
any equipment that can provide a negative- 
going 5-to-lO volt pulse for the multi of 
each display area. 

The external connections are brought out 
to a four -con tact connector on the rear of 
the Type 564 and a mating connector is 
included to permit attachment of the Re- 
mote-Erase control. 

This modification applies to Tj-pe 564 
Storage Oscilloscopes, all serial numbers. 
Order through A'our local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-352. 

TYPE 502A DUAL-BEAM OSCILLO- 
SCOPE-VERTICAL SIGNAL OUT 

This modification provides a rear-panel, 
direct-coupled Vertical. Signal Out from 
each of the Type 502 A 's two vertical am- 
plifiers. Output level is approximately 2 
volts per centimeter of crt deflection, with 
an output impedance of approximately 200 
ohms. 

The modification replaces the 6AU6 
Trigger- Pickoff tube (V493) and seven- 
pin socket with a 6DJ8 tube and a nine-pin 
socket. This new tube combines a Trigger- 
Pickoff cathode follower (CF) and a Ver- 
tical Output CF in a single tube. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify .Tek- 
tronix part number 040-335. 



Polaroid* prints. Using the iron like a 
pencil, you just write on the black portion 
of the print. The information stands out 
in brilliant white (see Figure 1). 

Following Mr. Steele’s lead we experi- 
mented a bit further and learned that the 
pencil- type soldering irons in the 15 watt 
class work equally well and are a bit easier 
to write with. 

Service Scope issues #17, December, 
1962; and #13, June, 1962, contain addi- 
tional suggestions for identifying informa- 
tion on Polaroid prints. 

* Polaroid is a registered trademark of the 
Polaroid Corporation. 

NUVTSTOR PULLER 

Here is a simple-to-make tool that facili- 
tates the removal of Nuvistors from their 
sockets. Take a large alligator-clip cover 
and cut it off about an inch from the small 
end. Discard the large end and “presto” 
you have a Nuvistor puller. 

Pliers, of course, should never be used 
to remove Nuvistors from .sockets. 



TYPE 567 AND TYPE RM567 DIGIT- 
AL-READOUT OSCILLOSCOPES — 
POWER SUPPLY IMPROVEMENTS 

This modification incorporates several re- 
finements in the power supplies of the 
Type 567 and Type RM567 Digital-Read- 
out Oscilloscopes. 

1. It replaces the 1 w, 10 R fuse resistors 
R600, R660 and R661 with 2 w, 10 R fuse 
resistors and parallels the 1 w, 10 R fuse 
resistor R680 with an additional 1 w, 10 
fuse resistor (R681). This increase in 
wattage rating assures a longer resistor 
life. 

2. It adds a potentiometer and a suitable 
divider network to the — 12.2 volt supply. 
This provides a means for accurately ad- 
justing the voltage of this supply. 

3. It adds a 100 ^f capacitor (C633) 
from the base of the transistor Q634 to 
ground to reduce ripple in the — 12.2 supply. 

4. It adds potentiometers and suitable 
divider networks to the -r 125-volt and 
-f- 300 -volt supplies to provide a means for 
more accurately adjusting these supplies. 

This modification applies to Type 567’s 
with serial numbers 101 through 407 and 
Type RM567’s with serial numbers 101 
through 149 with the following exceptions : 

Type 567, serial numbers : 



183 


333 


354 


375 


394 


206 


334 


355 


384 


395 


286 


341 


367 


391 


397 


291 


342 


368 


392 


401 


320 


346 


369 


393 


404 
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Type RM567, serial numbers: 



129 


136 


141 


131 


137 


144 


134 


138 


147 


135 


140 


148 



These instruments had this modification in- 
stalled at the factory. 

Order through your local Tektronix 
Field Engineer or Field Office. Specify 
Tektronix part number 040-319, 



TYPE 67 TIME-BASE UNIT-SWEEP 
LOCKOUT FOR SINGLE SWEEP OP- 
ERATION 

This modification adds a sweep lockout 
feature to the Type 67 Time-Base Unit 
to allow the electron beam to sweep once 
after receiving a triggering pulse. The lock- 
out circuitry then prevents any subsequent 
trigger pulse from activating the sweep 
until the operator resets or “arms” the 
sweep circuit by depressing the lever arm 
of the MODE switch. This feature allows 
the viewing of “one shot” (non-repetitive) 
phenomena. A front-panel READY light 
indicates when the sweep is armed and 
ready to fire on the next trigger pulse. 

The modification adds a sweep-lockout 
transistor circuit and installs a new front 
panel and a MODE switch. It is applicable 
to T^^pe 67 Time-Base Units, all serial 
numbers. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-318. 

TYPE 3A1 DUAL-TRACE UNIT — 
INCREASED VERTICAL DEFLEC- 
TION 

Installation of this modification increases 



Electronic switching between 2 wide-range 
time bases allows an alternate presentation 
of the same signal at 2 different sweep rates. 
Gallium Arsenide diodes in the switching 
circuit provide fast switching between time 
bases, and insure that only the desired time 
base is displayed at one time. 

Two different signals can be alternately 
displayed at the same or different sweep 
rates with a dual-trace unit such as the 
new Type lAl. In many applications, this 
dual-scope operation provides the equivalent 



the linear vertical deflection of the early 
Type 3ATs. It adds a linear h}'brid am- 
plifier to obtain this increase. 

The following chart lists the oscillo- 
scopes compatible with the Type 3A1 and 
notes the vertical scan before and after 
modification. 



Instrument 

Type 


Vertical Scan Area 


Before 


After 


561 * 
RM561 * 
567 * 
RM567* 


±2 cm 

(4 cm overall) 


±3 cm 

(6 cm overall) 


561A 

RM561A 

564 
RM564 

565 
RM565 


± 3 cm 

(6 cm overall) 


± 4 cm 

( 8 cm overall ) 



* When used in these instruments it may 
be necessary, in some cases, to increase 
the internal 0.01 v/div and 0.02 v/div gain 
settings of the Type 3A1 to provide ade- 
quate front panel “Calib” control range 
for instruments with low-sensitivity crt’s. 

The modification also offers improved 
linearity by increasing the plate voltage 
of V364 and V374 (8233 tubes in the out- 
put amplifier) by 10 volts, and better sta- 
bilization of the correct voltage level at 
the cathode of the Trigger Pickoff cathode 
follower (V383A) by changing the values 
of resistors R381 and R382 in the grid 
circuit of this tube. 



of two oscilloscopes, and at a considerable 
savings. Since a single-gun tube is used, 
beam registration and geometry problems of 
dual-gun tubes are avoided. Dual displays 
are viewed with accuracy of the single-beam 
construction. Also, the full 6 x 10-cm 
screen area can be used to display signals 
on either time base. A trace separation 
control operates in conjunction with the 
normal vertical positioning to allow full 
control of dual displays. 



The modification applies to Type 3Al’s, 
serial numbers 101 through 4327. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-349. 

TYPE 581 AND TYPE 585 OSCILLO- 
SCOPES — IMPROVED VERTICAL- 
AMPLIFIER STANDARDIZATION 

This modification is a combination of 
Field Modification Kits 040-275 and 040- 
324. It should not be used if either of these 
kits has preznously been ins failed. 

The modification standardizes the vertical 
amplifiers of the Type 581 and Type 585 
for use with the Type 82 Dual-Trace Unit, 
Type 86 Unit, or any future Tj'pe 580- 
Series plug-in units by improving the im- 
pedance matching between the delay line 
and the termination networks. This im- 
provement also enhances the transient re- 
sponse of the Vertical Amplifier. 

Another benefit of the modification is 
decreased compression on the Vertical Am- 
plifier output stage. V1284, a dual-tetrode 
7699 tube, is replaced with two single- 
pentode 7788 tubes. The crt support brack- 
et is also replaced. 

Finally, the modification adapts the Type 
80 Plug-In Units (serial numbers 101 
through 3386) and the P80 Probe for 
use in the “standardized” Type 581 and 
Type 585 Oscilloscopes. 

The modification applies to Type 58Ps, 
serial numbers 101 through 949 and Type 
585's, serial numbers 101 through 2584. 

Order through your local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-364. 




Dual-Scope Operation — independent control of 
each signal with Channel 1 of the Type lAl 
Dual-Trace Unit locked to Time Base A, and 
Channel 2 locked to Time Base B. 



AUTOMATIC DISPLAY SWITCHING 

Featured In The Type 547 Oscilloscope 
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A NEW GENERATION 




OF TEKTRONIX 
OSCILLOSCOPES 



TYPE 540-SERIES 




TYPE 546 




TYPE 544 



BRIGHT 6x10-CM DISPLAYS 
ILLUMINATED NO-PARALLAX GRATICULE 
SMALL SPOT SIZE, UNIFORM FOCUS 



COMPLETELY NEW VERTICAL AMPLIFIER 

FULL-PASSBAND TRIGGERING 

WIDE SELECTION OF VERTICAL PLUG-INS 



MAJOR CHARACTERISTICS 


OSCILLOSCOPE 


PASSBAND ® 


SWEEP RANGE 


SWEEP DELAY 


SWEEP MAGNIFIER 


Type 543B 
Type 545B 


DC to 33 MC 


0.1 /./,sec/cm to 5 sec/ 
cm in 24 calibrated 
steps, variable uncali- 
brated from 0.1 /.(.sec 
to 12 sec/cm. 


None 


2. 5, 10. 20. 50. lOOX 


1 /./.sec to 1 0 sec 


5X 


Type 544 


DC to 50 MC 


None 


2, 5, 10, 20, 50, lOOX 


Type 546 


0.1 /-(.sec to 50 sec. 


2, 5, lOX 


Type 547 


Same characteristics as Type 546 plus Automatic Display Switching. 



® Passband with Type lAl or 1A2 Dual-Trace Plug-In Units at 50 mv/cm sensitivity. Passband of the Type 
lAl at 5 mv/cm sensitivity is dc to 28 Me with Type 547 , 546 , or 544, dc to 23 Me with Type 543B and 
545B, 
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THE CATHODE FOLLOWER 



Because both its input-grid capacitance and its oiitpiit -impedance are small, the 
cathode-follozver circuit lends itself to many uses in electronics. This article dis- 
cusses these and other use fid characteristics of cathode-follower circuits. 



Part I 

The cathode follower is a circuit related 
to the familiar plate-loaded amplifier. In 
the plate-loaded amplifier the load resistance 
Rl is connected in the plate lead to the tube. 
But in the cathode follower, shown in Fig. 
1, the load resistance Rk is connected in the 
cathode lead to the tube. Useful character- 
istics of the cathode follower include these: 

1. The grid-input capacitance is small. 

2. And the internal output impedance is 
small. 




the load resistor Rk is connected in the cathode 
circuit, rather than in the plate circuit as in 
the plate-loaded amplifier. 

In this article we shall take up these and 
other cathode- follower characteristics in 

more detail. But first, let’s consider some 
cases where we can take advantage of the 
two characteristics we have mentioned 
above. 

Ahed for a device having a small input 
capacitance. Suppose we apply an input sig- 




Fig. 2 — Here a signal source has an internal 
impedance Ro. The source drives a circuit v/hose 
input capacitance is Cm. If the time constant 
RoCin of this arrangement is small, then the 
risetime of the combination is short. One 
way to keep the time constant small is to 
make Cm very small. Then the risetime is 
short even if Ro is relatively large, 

nal to a device whose input capacitance is 
Cin. And suppose that the source of the sig- 
nal voltage has an internal output impedance 
(resistance) Ro (see Fig. 2). For simplicity, 
assume that Ci« and Ro are the only im- 
pedances present in the source or in the cir- 
cuit connected to the source. Then the time 
constant of the sour ce-and-in put circuit will 
be RoCin. 

If we can keep the input capacitance Cin 
very small, then the time constant RoCin will 
be small — even though R« might be quite 
large. And consequently the risetinie of the 
RoCin circuit will be short. 




Fig. 3 — Here a second signal source whose 
internal impedance is R'o drives a circuit whose 
input capacitance is Chn. One way to keep 
the time constant R'oC'm short is to make 
R'o very small. Then the risetime is short 
even if Chn is relatively large. 

The input capacitance Cm of a cathode 
follower is small, for reasons that will be 
explained later. Consequently the cathode 
follower has the advantage that we can con- 
nect the cathode-follower input circuit to a 
signal source without greatly lengthening the 
risetime of the source itself. 

Need for a device having a small internal 
output impedance. Suppose a signal source 
has an output impedance (resistance) RT 
that is very small. Imagine that we use 
this signal source to apply a signal voltage 
to another device whose input capacitance 
is C'in (See Fig. 3). For simplicity, as- 
sume that C'in and R'o are the only im- 
pedance present in the source or in the cir- 
cuit connected to the source. Then the time 
constant of the sou rce-and -input circuit will 
be R'oCin. 
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Fig. 4 — Here we want to apply a signal from the plate circuit of Vi (representing a relatively 
large impedance Ro) to the grid circuit of V 3 (representing a relatively large capacitance C'in). 
If we couple the plate of Vi directly to the grid of V 3 , the corresponding coupling-circuit time con- 
stant is a large value RoCSn. But if we insert the cathode follower V 2 as shown, we now have two 
coupling-circuit time constants in cascade. The first time constant is RoCin, where Cm is the very 
small input capacitance to the cathode-follower; thus, as indicated in Fig. 2, this first time con- 
stant is relatively small. The second time constant is R^oC^n, where R^o is the very small output 
impedance of the cathode follower; thus, as indicated in Fig. 3, this second time constant is rela- 
tively small. By inserting the cathode follower we thus break up a large time constant RoC^n into 
two much smaller time constants RoCm and R^oC^n. In this way we use the cathode follower to im- 
prove the coupling-circuit risetime. 



If we can keep the source impedance R'o 
very small, then the time constant R'oChn 
will be small — even though Chn might be 
quite large. And consequently the risetime 
of the R'oC'in circuit will be short. 



The internal output impedance of a cath- 
ode follower is small, for reasons that will 
be explained later. Consequently the cathode 
follower has the advantage that we can use 
the cathode follower to drive a device that 
has appreciable input capacitance while still 
achieving a short risetime. As an example, 
we might use a cathode follower to drive a 
coaxial transmission line — where the ca- 
pacitive effect of the line is appreciable — 
and still preserve a short- risetime character- 
istic. 

Figure 4 shows an application that utilizes 
the advantages of both the small input capac- 
itance and the small output impedance of the 
cathode follower. We desire to couple a rap- 
idly changing signal from the plate of Vi to 
the grid of Vs. In Fig. 4, we apply the out- 
put signal from the plate of Vi to the grid 
of the cathode follower Vs. The internal 
source impedance of the amplifier stage that 
includes Vi is ordinarily rather large. But 
the input capacitance of the cathode follower 
Vs is small, so that we end up with only a 
short risetime Tiu associated with the circuit 
that couples the plate of Vi to the grid of 
Vs. Now, the input capacitance of the ampli- 
fier stage that includes Vs is ordinarily 
rather large. But we drive the grid of Vs 
from the low-impedance output circuit of the 
cathode follower Vs. Thus we end up with 



only a short risetime Trs associated with the 
circuit that couples the output of Vs to the 
grid of Vs. The effective risetime of the 
cathode- follower coupling system between V 1 
and Vs will, by the equation Tr — (Tri“ 
+ Trs~)’/ 2 , be shorter than the sum of the 
two individual risetimes Tri and Trs. 

We see, then, that we can often shorten 
the risetime of an interstage-coupling system 
by inserting a cathode follower between one 
stage and the next. 

Polarity of output signal from a cathode 
follozver. Let us now consider some factors 
that tell us how a cathode follower actually 
operates. 



+ 




Fig. 5 — Illustrating that the polarity of the 
cathode-follower output-signal voltage is the 
same as that of the input-signal voltage — in 
contrast to the polarity reversal that occurs in 
the plate-loaded amplifier. 

If we apply to the cathode- follower cir- 



cuit of Fig, 5 a grid-input signal that makes 
the grid more positive, the cathode-to-plate 
electron flow will increase. Therefore the 
voltage drop across the cathode resistor Rk 
will increase, so that the voltage at the cath- 
ode of the tube will be farther removed 
from the potential of the grounded negative 
terminal of the power supply. That is, the 
voltage at the cathode output terminal of the 
cathode- follower stage will become more 
positive. Thus, in contrast to the action in 
the pi ate- loaded amplifier, the polarity of 
the output signal from the cathode follozoer 
is the same as the polarity of the input 
signal: 

Output impedance. The internal output 
impedance of a cathode- follower stage is 
com pa rati veh- small (usually from less than 
100 ohms to perhaps 200 or 300 ohms). This 
range of values represents impedances that 
are considerably smaller than the typical out- 
put impedances we would expect from 
plate-loaded amplifiers (from a few hun- 
dred to several thousand ohms). 



+ 




Fig. 6 — Illustrating that the internal output 
impedance of a cathode follower is small. A 
given cathode current makes the voltmeter V 
show a certain dc output voltage (the IR volt- 
age drop across Rk)» If we connect the ex- 
ternal load R, we thereby reduce the total re- 
sistance in the cathode output circuit. Thus we 
might at first expect the voltmeter to show a 
sharply reduced output-circuit IR voltage drop. 
But this voltage drop is also the negative dc 
grid-to-cathode bias voltage — so that the 
tube allows a greater cathode current to flow. 
Therefore the new output voltage is the IR volt- 
age drop produced by a larger current in a 
smaller total resistance. As a result, this new 
output voltage isn’t much less than the original 
voltmeter reading. The fact that the output 
voltage changes only a little when we connect 
the load R shows that the Internal source im- 
pedance of the cathode follower Is small. 

To see why the internal output impedance 
of a cathode follower is small, suppose we 
connect an external load resistor R across 
the output terminals of the cathode follower 
as shown in Fig. 6. Let the input grid- to- 
ground voltage be held constant. When we 
connect the external load resistor R, we ef- 
fectively reduce the resistance in the cathode 
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circuit. Suppose first that cathode current 
remains constant. Then the voltage drop 
across the catliode resistance decreases. 
Therefore, the grid-to-cathode voltage be- 
comes less negative. But this actually allows 
more cathode current to flow. Thus the volt- 
age drop across the paralleled cathode 
resistor and external load resistor tends to 
increase again to almost its original value. 
In effect, then, the voltage aa'oss the out- 
put terminals doesnt depend greatly upon 
the amount of external load resistance tve 
connect to these terminals. This statement is 
equivalent to saying that a cathode follower 
is a source that has a small internal 
impedance. 



The actual internal source impedance of a 
cathode- follower stage is not simply the 
value of the cathode resistor Rk. Instead, 
it consists of a parallel combination of Rk 
shunted by the internal impedance of the 
tube. We can see that this statement applies 
if we look at Fig. 7. Note that the power 
supply represents a short circuit to signal 
variations. Thus the signal output impedance 
of the cathode- follower stage, looking back 
into the output terminals, is made up of the 
tube impedance in parallel with the cathode 
resistor Rk. 




Fig. 7 — The internal source impedance of a 
cathode-follower stage includes the cathode 
resistor Rk. But for a varying signal, the 
cathode-to-plate dynamic impedance of the 
tube is connected (through the power supply) 
in parallel with Rk. This tube impedance is 
roughly 1/gm/ and is therefore often quite 
low. For example, if the tube has the charac- 
teristic curve of Fig. 8, its cathode-to-plate 
impedance is about 80 ohms. With such a 
tube, the cathode-follower stage of Fig. 7 
would have an internal source impedance of 
only about 40 ohms. 



The impedance of the tube itself, at its 
cathode terminal, can be shown to be approx- 
imately 1/gn, (where gm is the mutual 
conductance of the tube in mhos). But the 
value of gm of a given tube depends upon 



the operating point at which the tube works. 
Suppose, for example, that we use a tube 
whose plate cur rent -grid voltage character- 
istics is that shown in Fig. 8. For this par- 
ticular tube, the operating point is that 
shown as point A in Fig. 8 when the tube is 
used as indicated in Fig. 7. The slope of the 
tangent line to the characteristic curve at 
the operating point A shows that gm is 12,- 
500 micromhos 0.0125 mho). Then the 
impedance of the tube, at its cathode ter- 
minal, is approximately 1/0.0125 ~ 80 
ohms. Since the cathode resistor is also 80 
ohms, the effective internal impedance of 
the cathode- follower stage of Fig. 7 is 
about 40 ohms. 

Voltage Gain. In a plate-coupled ampli- 
fier stage, the varying output signal voltage 
may well be several times the varying input 
signal voltage. That is, a plate-coupled am- 
plifier stage may have a voltage gain of 
several times. 



But the voltage gain of the cathode follozoer 
cannot he as great as unity. In other words, 




C,Rl O -TO-CATHODE VOLTAQE 



Fig. 8 — Assume that this curve represents 
the plate current-grid voltage characteristics of 
the tube in Fig. 7. Then we can use this curve 
to find the approximate internal impedance 
of the tube itself, measured at the cathode pin. 
First note that the 80-ohm cathode resistor Rk 
in Fig. 7 establishes the tube operating point 
as point A in Fig. 8. (To check this, observe 
that a current of 10 milliamperes in 80 ohms 
produces an 0.8-volt drop — the grid-to- 
cathode bias corresponding to point A) . Next, 
to find the mutual conductance of the tube at 
operating point A, we draw a straight tangent 
line to the curve at point A. We see that the 
tangent line intercepts a base interval cor- 
responding to 1.6 volts and a vertical interval 
corresponding to 20 milliamperes (0.02 am- 
pere). Thus, at operating point A, the mutual 
conductance gm is 0.02/1.6 = 0.0125 mho. 
Since the tube internal impedance at the cath- 
ode pin is approximately 1/gm, the tube whose 
characteristic curve is shown in Fig. 8 has an 
internal source impedance of about 1/0.0125 
— 80 ohms. 



the varying output signal voltage cannot be 
as great as the varying input signal voltage. 
This result springs irom the fact that the 
cathode electron flow for a given plate volt- 
age is controlled essentially by the grid-to- 
cathode voltage. Suppose, for example, that 
an input g r i d- to-g r ou n d signal-voltage 
change of +2 volts could change the electron 
flow sufficiently to vary the cathode-to- 
ground voltage by +2 volts (corresponding 
to a voltage gain of unity). But this change 
would involve no net change in grid-to- 
cathode voltage ; therefore there would be 
no net change in electron flow — an absurdi- 
ty. Thus the voltage gain of the cathode 
follower cannot be as great as unity. 



Clearly, then the cathode follower is not 
useful directly in providing voltage gain. 
But as we have seen, the cathode follower 
can be very useful in improving the risetime 
characteristics of circuits that actually do 
produce voltage gain. 



The voltage gain of a cathode-follower 
stage depends both upon the characteristics 
of the tube and upon the value of the cath- 
ode resistor Rk. When Rk is equal to the in- 
ternal output impedance of the tube itself 
(approximately 1/gm, where gm is in mhos), 
the gain of the stage is approximately one- 
half. Thus, with values shown in Fig. 7, we 
realize an output of about one -half volt for 
each volt of input grid-to-ground signal. If 
we use greater values of Rk, we can make 
the gain of the stage appreciably greater. 
We can make the voltage gain reach values 
between 0.9 and 0.99 by using large values 
of Rk. 



Since the output signal from a cathode 
follower has the same polarity as the input 
signal, and since the output signal can be 
made almost as large as the input signal, we 
can consider that the output signal approxi- 
mately duplicates the input signal. Hence 
the name cathode follozver. 



Part 2 of this article will appear in the 
October, 1964 issue of Service Scope. 



The material for this article was taken 
from the book “Typical Oscilloscope Cir- 
cuitry”, published by Tektronix, Inc. The 
complete text is available from your Tek- 
tronix Field Engineer or Representative. 
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SOLDERING OF TEKTRONIX ETCHED CIRCUIT BOARDS 



An Explanation and Technique 
by Verne McAdams 

Tektronix Manufacturing Staff Engineer 



Soldering is an alloying process between 
two metals. In its molten state, solder 
chemically dissolves some of the metal 
with which it comes into contact. However, 
the metals to be soldered, are, more often 
than not, covered with a thin film of oxide 
that the solder cannot dissolve. A flux must 
be used to remove this oxide film from the 
area to be soldered. The solder used in most 
electronic work contains this flux as a 
center core which has a lower melting point 
than solder itself. The flux in its molten 
state cleans the metal and holds the oxides 
suspended in solution. The molten solder 
can then make contact with the cleaned 
metal and the solvent action of solder on 
metal can take place. 

The soldering process then is the follow- 
ing: 

1. The cored flux melts first and re- 
moves the oxide film on the metal to 
be soldered. 

2. The solder melts, floating the lighter 
flux and the impurities suspended in 
it to the surface. 

3. The solder dissolves some of the metal 
in the connection. 

4. The solder cools and fuses with the 
metal. 

To do a proper soldering job the follow- 
ing must be done: 

1. The connection itself must become hot 
enough for the rosin to melt and clean 
the metal. 

2. The cored solder must be applied di- 
rectly to the heated connection so that 
the flux, which melts at a lower tem- 
perature than the solder, will melt first 
and clean the connection by the time 
the solder has melted. (If the solder 
is applied to the soldering-iron tip, the 
flux, being lighter, will float on toi) 
of the solder. It will be unable to 
reach the connection and clean it.) 

3. A good easy flow of heat from the 
soldering-iron tip to the connection 
must be obtained by a clean, well-tinned 
soldering-iron tip. A thin film of 
molten solder will transfer heat rapidly. 



In soldering techniques for etched cir- 
cuit boards, the basic principles for solder- 
ing prevail. We are now interested in the 
difference in the soldering of etched circuit 
boards and normal soldering. 

The first consideration of soldering to 
etched circuit boards is the limitations of 
the substrate of the boards. The Tektronix 
etched circuit boards have a substrate of 
fiber-glass epoxy, which has a temperature 
limitation of 530° F for not more than 5 
minutes. Hotter temperatures reduce the 
time in inverse relationship ; the hotter the 
temperature, the less time the boards will 
stand it before damage. (As an indication 
of damage, white flakes will first appear 
a in the surface of the board. These white 
flakes indicate a decomposition of the fiber- 
glass epoxy substrate). 

A second consideration is the soldering- 
iron-tip temperature, which is determined 
by the type of soldering iron and soldering- 
iron tip used. The wattage of the soldering 
iron and the configuration of the soldering- 
iron tip combined with the speed of solder- 
ing will determine the ultimate tip tempera- 
ture as well as the working-tip temperature. 
Since we are here primarily concerned with 
the working tip temperature, the soldering 
iron and tip should be chosen so that the 
working tip temperature will at no time 
exceed the limitations of heat set forth 
above. 

A third consideration in soldering of 
etched circuit boards is the type of solder 
used. The best type for use on the Tek- 
tronix etched circuit boards is a “eutectic”- 
type cored-wire solder of size #20 AWG, 
composed of 63% tin and 37% lead (as 
designated in FED. SPECS. QQ-S-571c as 
Sn63) with a central core of activated rosin 
flux (Divco X-25, or equivalent). 

The fourth consideration is the technique 
of repair — repair in this case consisting 
of replacement of components. The Tek- 
tronix etched circuit boards consist of 
straight-through connections (no crimped 
connections) gold plated to facilitate solder- 
ing. Carelessness in reheating the solder 
connections for the removal and replace- 
ment of components is the only difficulty 
to be guarded against here. Caution must 
be taken not to overheat the substrate and 
this can best be accomplished with deft 
hands and by small applications of heat. 



If the removal or replacement is not ac- 
complished in the first few seconds of heat 
application, avoid transferring too much 
heat to the substrate b}^ going to another 
connection or waiting a fezv minutes before 
reheating the connection. Giving the con- 
nection these few minutes to cool will allow 
the heat to dissipate and help to avoid over- 
heating the substrate. Heat dissipates quite 
slowly from some of the smaller connec- 
tions and too long an application of the 
soldering iron will result in the overheat- 
ing of the substrate. 

Repair on the older phenolic-copper 
laminate boards is similar to that on the 
newer gold-plated fiber-glass epoxy boards 
with a cautionary remark that the problems 
of heat limitation applies even more so on 
the older boards. Their ultimate heat limi- 
tation is much lower than that of the 
newer boards and the copper laminate is 
glued to the board instead of being bonded 
to the substrate as in the case in the fiber- 
glass epoxy boards. 

Some things to be considered in order to 
obtain a low working-tip temperature are : 

1. At slow soldering speeds, a 25-watt 
iron and a tip. 

2. At medium soldering speeds, a 40-watt 
iron and a 3/16" tip. 

3. At fast soldering speeds, a 50- or 60- 
watt iron and a tip. 

A recommendation for soldering tips is 
that they be made of copper and have a 
chisel or bevel shape. 

There are two areas on an etched cir- 
cuit board which might require different 
soldering techniques. One is the large 
copper area used as a common connection 
in contrast to the smaller spot connections. 
The larger areas will absorb heat much 
more rapidly than the smaller spot con- 
nection. This may necessitate a hotter iron 
and a larger tip for these areas than the 
smaller spot connections. 

With these cautions and recommendations 
in mind you should encounter no trouble 
when soldering Tektronix etched circuit 
boards. 
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TYPE 551 OSCILLOSCOPES — CRT 
REPLACEMENT 

The Type 551 (T57) crt (cathode ray 
tube), original equipment in T\'pe 551 
Oscilloscopes, s/n's 101 to 2031, has been 
discontinued. An improved crt, T5511, is 
offered as a replacement. This new crt is 
designed for use witli a Horizontal Beam 
Registration control — an adjustment that 
allows you to compensate for stray fields 
to make the starting times of both beams 
coincide. For T^'pe 551’s with serial num- 
bers below 2032 you will need to install 
a parts modification kit (Tektronix Part 
Number 050-026) in order to use the new 
T5511 crt. We will suppl 3 ' the modification 
kit at no charge. Please note that the T551 
(T57) crt can no longer be supplied! 

Although Type 551 Oscilloscopes before 
serial number 216 have a Horizontal Beam 
Registration control, the parts replacement 
modification kit 050-026 must be installed. 

When necessar}' to order a replacement 



for 3 ’our T551 


(T57) crt, please or 


der Parts 


Replacement 


Mod Kit 


050-026 


plus the 


T5511 crt with desired 


phosphor. 


See be- 


low : 








Old crt 


Tektronix 
Part No. 


New crt 


Tektronix 
Part No. 


T551(T57)-P1 


154-186 


T5511-P1 


154-186 


T551(T57)-P2 


154-160 


T5511-P2 


154-160 


T551(T57)-P5 


154-210 


T5511-P5 


154-210 


T551(T57)-P7 


154-189 


T5511-P7 


154-189 


T551(T57)-P11 


154-143 


T5511-P11 


154-143 



TYPE E PLUG-TN UNIT — HIGH 
FREQUENCY OSCILLATION 

The Type E Plug-In Unit, when used 
in a Type 547 Oscilloscope, tends to os- 
cillate at about 200 Me. You can overcome 
this tendency by adding one ferrite bead 
(Tektronix Part Number 276-532) on each 
signal output lead at pins 1 and 3 of the 
interconnecting plug. This Service Note 
applies to Type E instruments with serial 
numbers below 6490. Instruments with 
higher serial numbers liave the ferrite beads 
installed at the factory. 

TYPE 21A AND TYPE 22A TIME 
BASE UNITS — TRIGGER IMPROVE- 
MENT 

A recent production modification greatly 
improves triggering stability of the Type 
21 A and Type 22 A Time Base Units. It 
also makes adjustment of TD BIAS and 
LOCKOUT LEVEL less critical The 



modification is quite simple and can be in- 
stalled in Type 21A’s with serial numbers 
below 8398 and Type 22A’s with serial 
numbers below 8400. 

The modification consists of changing 
D40, a Type BD-1 diode in the Time Base 
trigger circuit, to a Type TD-2 diode (Tek- 
tronix Part Number 152-081) and R126, 
a 100 k, Yz w, 10% resistor in the Lockout 
multivibrator circuit, to a 47 k, w, 10% 
resistor (Tektronix Part Number 302-473). 
Changing this resistor brings the nominal 
setting of the LOCKOUT LEVEL con- 
trol to the center range of its adjustment. 

After the modification, the TD BIAS 
and LOCKOUT LEVEL controls are set 
according to instructions in the Type 555 
Instruction manual. The benefits of the 
modification are that one setting gives re- 
liability of trigger and equal response to 
both sine waves and pulses. 

TYPE 564 AND TYPE RM564 OSCIL- 
LOSCOPES — SOME PRECAUTION- 
ARY MEASURES 

Here are some precautionary measures 
which, if observed, will prolong the use- 
ful life of the storage screen in the Type 
564 and T\'pe RM564 Oscilloscopes. 

First and foremost, take great care in the 
degree of writing- gun intensity you use. 
Pligh writing-beam current can cause per- 
manent damage to the storage target. Al- 
ways use the minimum beam intensity re- 
quired to produce a clear well-defined dis- 
play. Special care should be taken during 
warm up or when using slow rates or 
sampling displays. 

Use caution when storing fast -changing 
portions of a waveform. Beam current 
could then be too great on the slow- 
changing portions of the waveform. 

Avoid repeated use of the same area of 
the screen for storing displays. Distributing 
the use will allow the storage target to 
“age'' uniformly and will prolong the ef- 
fective life of the storage tube. 

Turn the intensity control to minimum 
when changing plug-in units. An undeflect- 
ed spot on the crt screen can burn the 
storage target even at normal intensit}^ 

Do not leave a display on the crt screen 
(either writing or stored) when the display 
is not needed. 

Do not leave the DISPLAY switches at 
STORE when the storage mode is not 
needed. 



“Negative images” (dark waveform im- 
ages that appear as a darker background 
light level when the DISPLAY switch is 
at STORE) result from writing or stor- 
ing a waveform in one position on the 
screen for a relatively long period of time. 
Negative images will usually disappear in 
a short time, but may cause a temporary 
decrease in writing speed of the affected 
areas. 

“Bright burns” (bright waveform images 
that will not erase completely) are caused 
by excessive intensity of the writing-gun 
beam. Severe burns may remain indefinite- 
ly ; a mild case which may only show when 
the writing speed enhancement circuit is 
used (Type 564, s/n 2000 and up, or RM- 
564), will slowly fade to normal over a 
period of a few days normal use. 

“Dark burns” (spots or lines on the 
screen that will neither write nor store) 
result from destructive burning of the stor- 
age target by the writing-gun beam. Re- 
placement of the storage tube will be re- 
quired if dark burns impair operation of 
the instrument. 



TEKTRONIX CIRCUIT COMPUTER 
— AN ADDITIONAL USE 




Figure 1, Shows location of new Fc TIME 
arrow on the top deck of the Tektronix Cir- 
cuit Computer. 



In this column of the June, 1964, issue 
of Service Scope, Ave describe the Tek- 
tronix Circuit Computer (Part Number 
003-023), a circular slide-rule type of device. 

Since then. Nelson R. Drew, K3RGIT, of 
906 7th Street in Laurel, Maryland, has 
written us telling about an additional use 
for this computer. By the addition of an- 
other “Time” arrow to the top deck of the 
computer you can read time as a reciprocal 
of frequency — in other words, solve the 
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equation T ~ . 

You determine the location of the new 
arrow by positioning the top deck of the 
computer so that the 1 -megacycle marker 
of the Fc scale is aligned with the FRE- 
QUENCY marker on the middle deck. 
Then, reading through the top-deck cut out, 
locate the 1 -microsecond marker on the mid- 
dle deck. Then, on the top deck opposite 
this 1 -microsecond marker, scribe a short 
radial line to form the new “Time” arrow. 
Label this new arrow “Fe TIME”. See 
Figure 1. Your computer will now solve 

the equation T = — . Example: Set Fo 

Scale to 5 megacycles; read 200 nanosec- 
onds (through the top-deck cut out) op- 
posite the new “Fc Time” arrow. 

Our heart}^ thanks to Mr. Drew for his 
suggestion of a new use for the circuit 
computer. 



THIN-BLADE, SINGLE-PINCHER 
PROBE TIP — INDEXING FOR 
PINCHER-TIP ORIENTATION 

Indexing the barrel back near the finger 
flange identifies orientation of the pincher- 
tip hook (see Service Scope, issue 24, Feb- 
ruary, 1964) and so simplifies the probe 
removal when the tip is buried in a maze 



of wires. Red nail polish or lacquer shows 
up well on the plastic, see Figure 2. 

H. I. Wilson of 40 Flillside Road, Beacon, 
New York, sent in this suggestion. Thank 
you, Mr. Wilson, for sharing your idea 
with our readers. 




Figure 2. Adding a dot of red lacquer identi- 
fies orientation of pincher-tip hook. 



PLUG-IN EXTENSION 013-055 — SUP- 
PORT FOR EXTENSION 

Here’s another do-it-yourself project. 
Figure 3 shows a support that fits into the 
plug-in compartment of a Type 530, Type 
540, Type 550 or T3'pe 580 Series Oscillo- 
scope. When using a Plug-In Extension 
(Tektronix Part Number 013-055), this 
support holds and aligns the outboard end 



of the extension so that a plug-in can be 
quickly and easily changed or installed. We 
made the one .shown here (see Figure 3) 
from a one-inch thick piece of pine board. 




Figure 3. An easily-made support for the Tek- 
tronix Plug-In Extension (013-055). 

The width of the support is 3 inches and 
the length is 5l4 inches. The cut out por- 
tion of the support measures 2 7/16 inches 
wide b}^ 7/16 of an inch deep. The nar- 
row groove in the bottom of the cutout is 
3/16 of an inch wide and 1/16 inch deep. 

The support should fit snugly in the os- 
cilloscope plug-in compartment and the plug- 
in extension sliould be a press fit into the 
cutout section of the support so that sup- 
port and extension will sta^- in place when 
exchanging plug-ins. 

Our thanks for this suggestion go to 
Mr. Ed Davis of Raytheon, HASCO, Ft. 
Bliss, Texas. 






TYPE 131 CURRENT AMPLIFIER — 
UHF CONNECTOR 

This modification supplies a .special re- 
placement UHF connector that will more 
perfectly fit a wider tolerance range of Type 
131 housings. It helps to overcome and pre- 
vent the problem of the connector working 
loose. 

Order through 3^011 r local Tektronix Engi- 
neer, Field Office or Representative. Spec- 
if3^ Tektronix Part Number 040-373. 



TYPE 561 AND TYPE 561A OSCILLO- 
SCOPES — POWER SUPPLY IM- 
PROVEMENTS 

This modification installs a means for ac- 
curately adjusting power supply voltages. It 
adds potentiometers to the divider network 
in the comparator circuits of the — 12.2, 
-f-125, and -f 300-volt supplies. Installation 
involves the drilling of two holes and mount- 
ing a potentiometer assembly on the rear of 
the horizontal plug-in housing and changing 
several components in the — 12.2, +125 and 
+300-volt supplies. A 10-f2 fuse resistor is 
added to limit surge currents and protect 
the +300- volt supply. 

The modification is applicable to Type 561 
Oscilloscopes, s/n’s 101 through 5000; and 
Type 561 A Oscilloscopes, s/n’s 5001 through 



6634. Order through 3- our local Tektronix 
Field Engineer, Field Office or Representa- 
tive. Specif 3' Tektronix Part Number 040- 
347. 

TYPE 502 OSCILLOSCOPE— INTEN- 
SITY BALANCE CONTROL 

This modification moves the Intensit3^ 
Balance control to the front panel. It al- 
lows a more precise control of trace bright- 
ness — a useful feature in dual-trace pho- 
tograph3^ 

A new front panel overla3^ makes room 
for the new control and supplies graduated 
markings for all five crt controls. Order 
th rough your local Tektronix Field Engi- 
neer, Field Office or Representative. Speci- 
fy Tektronix Part Number 040-350. 

TYPE 527 AND TYPE RM527 WAVE- 
FORM MONITORS — VERTICAL AM- 
PLIFIER AND TRIGGER IMPROVE- 
MENT 

Installation of this modification brings 
four improvements to the Type 527 and 
Type RM527 instruments. 

1. It improves triggering at low-level in- 
put signals by changing V24 (a 6EW6 tube 
in the Trigger amplifier) to a 6EJ7 tube. 
This 6EJ7 tube gives increased trigger gain. 



2. It ac couples the Internal Sync ampli- 
fier tube (V14) to isolate the Internal Snyc 
signal from the DC Restorer feedback loop. 
This minimizes trace disappearance and dis- 
tortion that ma3' occur at low-level input 
signals. 

3. It adds diodes between the grid and 
cathodes of V444 and V544 and from the 
cathode of V413 to ground. This gives warm 
up protection for the Vertical Amplifier 
tubes by limiting the positive grid-to-cathode 
potentials and eliminates the possibility of 
waveform distortion from damaged tubes. 

4. It changes the time constant of the Gate 
Multi (V595), This minimizes Vertical 
DC-Restorer shift in the presence of color 
burst so that video will not occur during 
restoration time. 

The modification applies to T3’pe 52 7’ s 
s/n’s 151 through 744 and Type RM527’s*, 
s/n’s 151 through 1189. Order through 3'our 
local Tektronix Field Engineer, Field Of- 
fice or Representative. Specify Tektronix 
Part Number 040-362. 

*A few instruments in the following serial 
number ranges were modified at the fac- 
tory: Type 527, s/n’s 645 to 744; Type 
RM527, s/n’s 730 to 1189. Consult 3^our 
Tektronix Field Engineer or Representative 
before ordering if your instruments fall in 
these serial number ranges. 
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TYPE 647 
RM647 




COMPACT HIGH-PERFORMANCE INSTRUMENTS CAPABLE OF ACCURATE MEASUREMENTS IN 
SEVERE ENVIRONMENTS (-30°C TO +65X). 

EVEN GREATER ACCURACY PLUS AN EXTRA MARGIN OF DEPENDABILITY IN NORMAL ENVI- 
RONMENTS (OX TO +40X). 



The Type 647 And Type RM647 Offer These 
scope: 

DC-To-50 MC Dual-Trace Capability 
Choice Of Horizontal Plug-lns: 
Calibrated Sweep Delay, Or 
Wide-Range Magnification 



“Most Wanted” Features In A Ruggedized Oscillo- 

Bright 6x10 cm No-Parallax Displays 
Low Power Requirements 
Ease Of Maintenance 

All In A Compact Easily-Handled Package. 



For more information contact the distributor in your country. 
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A contimiation of the disciission on the cathodc-f ollower circuit. Part 1 of 
this discussion, zvhich appeared in the August, 1964, issue of Service Scope, 
covered the need for a device having a small input capacitance and a device 
having a small internal output impedance — tzuo pidmc characteristics of the 
cathodc-f ollovucr circuit. Also covered, voere the polarity of the output signal 
and the voltage gain of the circuit. 



Part 2 

Input capacitance. The input: capacitance 
of a cathode follower consists essentially of 
the effects of (1) the grid-to-cathode ca- 
pacitance of the tube and (2) the grid- to- 
plate capacitance of the tube (see Fig. 9). 




Fig. 9 — Illustrating that the input capacitance 
of a cathode-follower stage is small. If we 
apply a given grid-input voltage change, this 
input signal causes the cathode output voltage 
to change in the same direction. Since the 
voltage gain of the stage is commonly be- 
tween 0.5 and 0.99, the new grid-to-cathode 
voltage {with the input signal applied) isn’t 
much different from the original grid-to-cathode 
bias voltage that existed before we applied 
the signal. Since we haven't changed the 
voltage across the grid-to-cathode capacitance 
C 9 I: very much, this capacitance hasn't required 
much charging current. And therefore Cg^ 
causes relatively little loading effect on the 
source. (As far as the grid-to-plate capaci- 
tance Cgp is concerned, Cgp acts simply as a 
shunting grid-to-ground capacitance since the 
positive power supply acts as a short circuit 
to signal variations.) The resulting total input 
capacitance is considerably less than for a 
plate-loaded amplifier using a similar tube. 

To observe tlic effect of the grid-to- 
cathode capacitance Cs;k, suppose that Ctek 



is 2 picofarads, and that the voltage gain 
of tlie stage is 0.9. If we apply an input 
signal -voltage change of +1 volt to the 
grid of the tube, then the cathode output 
voltage clianges by -j-0.9 volt. Thus we 
change the voltage across Cj:k by 0.1 volt — 
thereby changing the charge stored in C^^k. 
But this 0.1 volt change across the 2-pico- 
farad capacitance Cj^i, alters the charge in 
coulombs exactly as much as a 1-volt change 
(the actual input signal) across a capaci- 
tance of only 0.2 picofarad. Therefore the 
actual grid-to-cathode capacitance (2 pico- 
farads) loads the source only as much as 
if C^k were a grid -to- ground capacitance of 
only 0.2 picofarad. 

The grid-to-plate capacitance C-p in Fig. 
9 presents a simple shunt capacitance across 
the input terminals, since the power supply 
is a short circuit to signal variations. 

Thus, as far as the signal source is con- 
cerned, the input terminals of the cathode 
follower represWnf a capacitance equal to a 
fraction of the rated grid-to-cathode capaci- 
tance of the tube — plus the rated grid-to- 
plate capacitance. The input capacitance of 
a plate-loaded amplifier is ordinarily con- 
siderably greater tlian the input capacitance 
of the cathode follower. We can make tlie 
effective input capacitance of the cathode 
follower even smaller by increasing Rk so 
that the voltage gain of the stage approaches 
unity. 

C athode-f oil ozver probes. Suppose we arc 
using an oscilloscope to look at a waveform 



developed b\- a certain source. Tlie verti- 
cal-input circuit of the oscilloscope causes 
a certain amount of resistive and capacitive 
loading on the source. Unless the internal 
impedance of the source is low, this load- 
ing might (1) distort the waveform, or (2) 
reduce the amplitude of the waveform, or 
both. 

We can use a voltage-divider probe to 
reduce the loading and thus reduce the 
waveform distortion. But the voltage-divider 
probe also attenuates the signal we want to 
display. Consequently, if the signal is al- 
ready small, the voltage-divider probe can 
attenuate the signal to a point where it no 
longer produces a useful display. Therefore 
the voltage-divider probe might not fill 
the bill when we need to look at a small 
waveform from a high-impedance source. 

What we need for such purposes is a 
probe that (1) loads the source only lightly, 
but still (2) has a voltage gain as close as 
possible to unity. We can make sucli a probe 
by placing a cathode follower inside the 
probe body. The small input capacitance of 
the cathode follower puts only a light load 
on the source. But the voltage gain in the 
cathode follower can readily be between 
0.5 and unity. 

In Table 1, we compare tlie loading ef- 
fects and the voltage gains that we might 
get (1) when we use a typical voltage- 
divider probe, and (2) when we use a typi- 
cal cathode- follower probe. 
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Typical voltage- 
divider probe 

Typical cathode 
follower probe 



TABLE 1 

Loading effect 

10 megohms 
1 1 .5 picofarads 

40 megohms 
4 picofarads 



Voltage 

gain 

0.1 (lOX atten- 
uation) 

0.8 ■ 0.85 



From this comparison, we might at first 
imagine that we should forget about tlie 
voltage-divider probe and simply use the 
cathode- follower probe for all our wave- 
form observations. But there are some other 
considerations, including these : 



1. A cathode- follower probe can readily 
be oveloaded by large input signals. This 
overloading causes waveform distortion. 
(For example, one t\'pe of cathode -follower 
probe introduces about 3 percent amplitude 
distortion when the input voltage exceeds 
about 5 volts. Some other cathode- follower 
probes can accommodate only much smaller 
input voltages.) 



2. Attenuators are available that can be 
attached to the nose of the cathode- follower 
probe, for signals larger than those the 
probe can handle directly. (Tliese attenu- 
ators affect both the input impedance and 
the frequency response of the probe.) 



3. If an uninformed worker uses a cath- 
ode-follower probe in such a way that the 
probe is overloaded — as discussed above — 
he can get readings or waveforms that are 
very misleading. 



4. Suppose we connect the cathode- fol- 
lower-probe input to a waveform source 
whose internal impedance is inductive at 
some frequency. Tlien tlie cat I lode- follower- 
probe input impedance drops — perhaps suf- 
ficiently to change the amplitude or shape 
of the displayed waveform. If the Q of 
the source-and-probe circuit is high, the 
probe- in put impedance can actually become 
negative at some frequency so that the 
cathode- follower-probe circuit oscillates. 



5. The cathode- follower probe costs sig- 
nificantly more tlian the voltage-divider 
probe. Furthermore, tlie cathode-follower 
probe requires a stable, low-ripple power 
supply that is external to the prol)e. (Probe 
power supplies are available. Some oscillo- 
scope types include probe- power connec- 
tions.) 



6. If the tube needs replacing in a catli- 
ode- follower probe, the new tube should 
be carefully selected and installed at the 
factory or by a technician trained in sucli 
work. 



If you think a cathode- follower probe 
will help you, ask your Tektronix F'ield 
Engineer or Representative to help you 
select the probe and apply it to your work. 



A method of increasing apparent input 
resistance. In order to* reduce the loading 
on the signal source, we often want to make 
the resistive component of the input im- 
pedance of a stage very large. To accom- 
plish this result, we might make the grid 
resistor Rj. very large. But tube manufac- 
turers often specify a maximum value of 
R;; that we should not exceed. This maxi- 
mum value of R« is based principally on 
grid-current considerations. A typical rec- 
ommended maximum value for R- is 1 
megolirn. 



When we use a cathode resistor to obtain 
the negative grid -to -cathode bias voltage — 
as in tlie case of cathode followers and of 
many plate-loaded amplifiers — the upper 
limit for is not so critical. (The tend- 
ency for grid current in R..; to make the 
dc plate current unstable is largely balanced 
out, since a change in plate current causes 
a change of bias voltage developed across 
the cathode resistor — and this bias -voltage 
change is in a direction that tends to bring 
the plate current back to its original value.) 
However, even with catliode-resistor bias, 
we cannot expect the tube to operate re- 
liably in every case when we use indis- 
criminately large values of grid resistance 

R.. 



+ 




Fig. 10 — Means of increasing the apparent 
value of the grid resistor Rg in a cathode fol- 
lower, to reduce the shunt loading effect on 
the signal source. Rki and Rj 2 act as a volt- 
age divider, applying most of the output-signal 
voltage to the lower terminal of the grid-return 
resistor Rg. Since the output-signal voltage at 
the cathode terminal is nearly as great as the 
input-signal voltage, only a small part of the 
signal voltage appears across Rg. In Fig. 10, 
the resulting signal current in Rg is so small 
that this 12-megohm resistor appears to the 
input-signal source as if it were a 40-ohm 
resistance between the input terminals. 



A circuit like that of Fig. 10 can make 
the apparent grid-input-circuit re.si stance of 
a cathode follower very large — considerably 
larger than the actual value of R-. In the 
figure, the actual value of R;; is 12 meg- 
ohms. But tlie apparent resistance seen by 
a source that drives the grid circuit is about 



40 megohms. Let us see how the circuit 
of Fig. 10 accomplishes this increase in 
apparent input resistance. 

Suppose, for example, that we apply an 
input signal voltage of ~\-l volt to terminals 
1 and 2 of the circuit of Fig. 10. Assume 
that the gain of the cathode follower is, 
say, 0.83. Then the output signal voltage 
til at appears across terminals 3 and 4 will 
be 0.83 volt. Because of the voltage-divider 
action of the series cathode resistors Rki 
and Rk 2 , only a part of this out put- signal 
voltage will appear at tlie junction of Rki 
and Rk 2 . In fact, since Rki = 180 ohms 
and Rk'j — 1,000 ohms, the signal voltage 
at the junction of these two resistors will 
be 1,000/1,180 times the out put- signal volt- 
age of 0.83 volt. Thus the signal voltage 
at the junction of Rki and Rk- is about 0.7 
volt. 

Since the signal voltage at the lower end 
of Rii is 0.7 volt, and the signal voltage at 
the upper end of R^. is 1 volt, the signal 
voltage across R^; is only 0.3 volt. The re- 
sulting signal current in R.r is, by Ohm’s 
law, equal to 0.3/12,000,000 ampere, or 0.025 
microampere. 

Thus the input circuit takes a signal 
current of 0.025 microampere when the 
source signal voltage is 1 volt. By Ohm’s 
law, the apparent resistance of the input 
circuit is 1/0.000,000,025 ohms or 40 meg- 
ohms. This increase in apparent grid -in put- 
circuit resistance occurs simply because we 
connected the lower end of Rk to the junc- 
tion of the two series cathode resistors 
rather than to ground. We should note, 
however, that there is a certain sacrifice 
in the voltage gain as compared to the gain 
we would get with the lower end of Rg 
grounded. 



The circuit of Fig. 10 is actually used in 
some cathode-follower probes. 




Fig. 1 1 — Here a plate-loaded amplifier Vi 
drives the input of a cathode follower V 2 . The 
plate-to-ground capacitance of Vi (plus the 
small input capacitance of V 2 ) is represented 
by Cp. The risetime of the coupling circuit 
between Vi and V 2 is determined by the time 
constant Rl Cp. 

Bootstrap capacitor. Fig. 11 shows a 
plate-loaded amplifier Vi that supplies a 
varying signal voltage to the grid-input cir- 
cuit of ’a cathode-follower tube V 2 . There 

(c) 1964 Tektronix, Inc. 

All Rlahts Reserved 
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Fig. 12 — (a) An example of a grid-input 
signal voltage that we can apply to Vi in 
Fig. 1 1 to observe the effect upon the output 
signal of the time constant Rl Cp in Fig. 11. 

(b) Vi plate signal voltage applied to the 
grid of V 2 in Fig. 1 1 when we apply to the 
grid of Vi the waveform of diagram (a). 

(c) Faster response of the coupling circuit 
between Vi and V 2 to the input signal of dia- 
gram (a), achieved by the hypothetical method 
of Fig. 13 or by the practical method of Fig. 
14. 

will exist an unavoidable shunt capacitance 
Cp at the plate of the amplifier tube Vi. 
And the RC circuit composed of the plate- 
load resistor Rl and the shunt capacitance 
Cp might cause the risetime of the circuit 
to be longer than we can tolerate. 

If, for example, we appl)^ a negative- 
going input-voltage step (instant A, Fig. 
12) to the grid of Vi, the plate current will 
be abruptly reduced. And the signal voltage 
at the plate of Vi will rise according to a 
curve like Fig. 12b. 

We can use peaking or compensating cir- 
cuits to shorten the risetime. But another 
approach to sliortening the risetime is shown 

in Fig. 13. Flere the upper end of the plate- 
load resistor Rl is connected to the mov- 
able contact of a variable voltage divider R. 
Suppose we could provide some way hy 
which the movable contact would automati- 
cally move toward the positive end of R 
when the signal voltage at the t)late of Vi 
tended to rise. If we could make this pro- 
vision, then the stored charge in C,, would 
be more quickly removed so tliat the sig- 
nal voltage at the plate of Vh could rise 
more rapidly. 

We cannot, of course, provide the me- 
chanical arrangement just suggested — except 
possibly for signals that change quite slow- 
l 3 ^ But a s}^stem that operates in somewhat 
the same way can be arranged electronically, 
as follows : 




Fig. 13 — A hypothetical way to improve the speed of the response of the coupling circuit between 
Vi and V 2 in Fig. 11. Here we apply the waveform of Fig. 12a to the grid of Vi. And we assume 
that We can provide some way by which a voltage rise at the plate of Vt moves the variable contact 
on R upward. The resulting voltage rise at the upper end of Rl helps to charge Cp while the input 
waveform changes. Thus the voltage at the plate of Vj can change more rapidly, as Indicated in 
Fig. 12c. 







Fig. 14 — A practical way to achieve the result we considered in Fig. 13. Here the Vi grid-input 
signal of Fig. 12a makes the voltage at the plate of Vi rise. By cathode-follower action, V 2 couples 
this voltage rise to the cathode of V 2 . The bootstrap capacitor Ci, applies this voltage rise to the 
tap on the plate-load resistor Rl, helping to change Cp more rapidly. Therefore, In response to the 
input waveform of Fig. 1 2a, the voltage at the plate of Vi can change relatively rapidly as indicated 



in Fig. 1 2c. 

Fig. 14 sliow.s a .small capacitance Cb con- 
nected between tlie cathode output terminal 
of the cathode follower V-j and a tap on 
the plate-load resistor Rl. When the signal 
output voltage at tlie plate of Vh begins to 
rise, this voltage rise is applied to the grid 
of Vl*. And tlie signal -voltage rise appears 
only slightly diminished at the cathode out- 
put terminal of V^. The same signal -volt age 
rise is coupled through Cb to the tap on Rl, 
so that the voltage at the tap rises more 
rapidly than it would if the circuit through 
Cb were absent. Thus electrons are drawn 
away from Cb more rapidly than tliey would 
if Cb were absent. The action continues 
during the plate-voltage rise of V 1 — each 
increase in plate voltage causing a corres- 
ponding rise in voltage at the tap on Rl 
so that electrons can be drawn rapidly away 
from Cb. The corresponding output- voltage 
waveform at the plate of Yi is therefore 
like that of Fig, 12c. 



In thus improving tlie risetime of the 
response to a step- voltage input, we have 
also made the circuit of Fig. 14 capable of 
responding to other rapidh' changing wave- 
forms. Inasmuch as this improvement is 
actually intended to affect only waveforms 
that change rapidly, we make Ci, small 
enough that its coupling action is negligible 
for slowly changing waveforms. We can 
refer to Ci, as a boot strap capacitor. It is, 
in general, necessary to select the value of 
Cb and the tap point on Rl so that optimum 
results are obtained. 

The End 

The material for this article v'as taken 
from the book “Typical Oscilloscope Cir- 
cuitry”, published by Tektronix, Inc. The 
complete text is available from your Tek- 
tronix Field Engineer or Representative. 
The price in the U.S.A. is $5.00. 
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TYPE lAl DUAL-TRACE PLUG-TN 
UNIT — OUTPUT-AMPLIFIER CARD 
IMPROVEMENTS 

Depending uj)on the model oi* Output- 
Amplifier card in your Type lAl, there 
are up to five improvcmcms you can incor- 
porate into the instrument. Tlie Output- 
Amplifier cards affected by the improve- 
irients arc models 2, 3 and 4. Cards with 
model numbers 5 and up have all the im- 
provements installed at the factory. Model 
niiml)ers are silk screened on the cards near 
the tube socket for the V464 NU-Vistor. 

Installation of the improvements require 
the removal of the Out put -Amplifier card. 
These are of the plug-in type and easily re- 
moved by first removing the securing rod. 
Next, un-plug the ground lead and the leads 
which individually plug into the card. Now 
un-plug the card itself from the Bendix 
connector. 

Page 5-6 of the T\*pe lAl Instruction 
Manual features a large photograi>h of the 
component side of the Out put- Amplifier. 
Each component on this card is identified 
with its circuit number. Consulting this 
plioto will aid you in physically locating the 
components replaced, changed or removed in 
making the improvements. 

The first improvement is applicable to 
Out put- Amplifier cards with model numbers 
2, 3, and 4. It reduces the failure rate of 
tlie diodes D454, D453, D452. D451, D424, 
D423, D422 and D421 by replacing the 
original GaAs point -contact diodes with the 
Type 6153 Silicon Diodes (Tektronix Part 
Number 1 5 2 - 1 5 3 ) . To do this, remove the 
original diodes from the card by lifting 
them from their dips. Next, using a 15 
or 25 watt soldering iron heat each clip 
and lift it from the card. This will expose 
four soldering points (two i)er clip) for 
each diode position. Install a 6153 r e place - 




LOCATE DIODE 
AS SHDLJIV 




Figure 1. Showing orientation of replacement 
diodes and loction of diode leads on Type 
lAl Output Amplifier Cards Models 2 , 3 and 4. 



ment diode in each position orienting the 
diode and soldering the axial leads in their 
locations as shown in Figure 1. 

The second improvement is applicable to 
models 2 and 3 Output-Amplifier cards. It 
prevents the alternate- trace blocking oscil- 
lator from intermittently running twice on 
a sync pulse. The improvement adds a Type 
6075 Germanium Diode (Tektronix Part 
Number 152-075) across the collector wind- 
ing of T330. Circuit designation of this new 
diode is D330, see Figure 2. Figure 3 shows 



^330 C 330 

■.MH-nrOT^ ,HH 

0 3 3 0 



Figure 2. Partial schematic showing circuit lo- 
cation of the added Type 6055 Germanium 
diode {D330) across the collector windings of 
T330. 




Figure 3. Partial view of Output Amplifier Card 
(rear or soldered side.) Arrow shows the 
physical location of the added Type 6055 
Germanium diode (D330) and points to the 
anode end of the diode. 

the physical location of D330 on the rear 
(soldered) side of the Output-Amplifier 
card. 

The third, fourth, and fifth improvements 
are ai)plical)le to the model 2 Oulput-Ainpli- 
fier card. These improvements reduce ab- 
be rations on the Chopped waveform, reduce 



field failure of Q3S3 and assure ALTER- 
NATE trace operation in all units. 

To Reduce Ahberations on Chopped Wave- 
form install a new 150 pf ceramic capacitor 
(Tektronix Part Number 281-524) in par- 
allel with Rx343. Designate this new capaci- 
tor C344. Replace C491, a 0.001 /if capacitor 
located from pin 10 of V243 to ground, with 
a 0.1 /if ceramic capacitor (Tektronix Part 
Nuinl:)er 283-057) and add a 3/8 inch piece 
of #18 varglas to tlie lead at pin 10. V243 
is located on a bracket directly behind the 
front sub-panel on the Channel 2 side of the 
Type lAl. Install a new 0.1 /if ceramic ca- 
pacitor (Tektronix Part Number 283-057) 
from pin 21 of the Output Amplifier card’s 
Bendix connector to the ground lug under 
R495, a 470 ohm, wire wound resistor, lo- 
cated on tlie rear frame plate of the Type 
lAl. Designate this new capacitor C494. 
Remove and discard C260*, a 0.001 /if ca- 
pacitor, located between pin X of the Chan- 
nel 2 Input- Amplifier card’s Bendix con- 
nector and a solder lug on the bracket sup- 
porting the rear end of this Bendix con- 
nector. 




Figure 4 shows waveforms from a Type 
lAl in Chopped Alode before and after the 
improvement. 

To Reduce Field Failure of Q353 

On the rear wafer of the MODE switch 
locate a contact with a green -on -white wire 
and a second contact with a red-on- white 
wire. Install a 2.7 megohm*, w, 10% 
resistor (Tektronix Part Number 302-275) 
between tliese two contacts. Designate this 
resistor R360. 

To Insure ALTERNATE trace operation 
in all units 

Replace C303 and C304, 0.001 /if capaci- 
tors, with 0.05 /if ceramic capacitors (Tek- 
tronix Part Number 283-010). Replace 
C306 and C316, 22 pf capacitors, with 47 pf, 
ceramic capacitors (Tektronix Part Number 






281-518). Replace D303, a 6075 diode, with 
a IN 3605 diode (Tektronix Part Number 
152-141). Replace Q305 and Q315, 2N964 
transistors, with a pair of selected 2N964 
transistors (Tektronix Part Number 153- 
530). Tliese last two transistors are selected 
for a minimum Beta of 80 at 10 ma P- 

Correct the schematics and parts list in 
your Type lAl Instruction Manual to con- 
form to the improvements you have just 
made. 

*Some Type lAl instruments in the field 
may have had these starred components re- 
moved or installed at the factory. If 3’our 
instrument falls in this category, ignore 
these portions of the improvement proce- 
dure. 

TYPE 180A FREQUENCY DOUBLER- 
MARKING TURN-AROUND 

The T}'pe 180 A Frequency Doubler (Tek- 
tronix Part Number 015-013) — used for 
obtaining 100 Me from tlie 50 Me output of 
the Type 180 A Time- Mark Generator — is 
intended to be coupled directly to the Type 
180 A, not at ilte end of a cable. The sche- 
matic on the case of tlie Frequency Doubler 
has confused some operators. The sche- 
matic markings implied that tlie female 
UHF connector was tlie input and the male 
connector the output. This interpretation is 
wrong. The male connector is the input. 
It connects directly to the 50 Me Sine Wave 
output (a female UHF connector) of the 
Type 180 A Time -Mark Generator, 

TYPE 4S1, 4S2 and 4S3 DUAL-TRACE 
SAMPLING UNITS — “SLASH”-RE- 
DUCTION MODIFICATION INFOR- 
MATION 

Llere is a very simple solution to a prob- 
lem that a few operators find troublesome. 
The problem occurs wlieii using a Type 4S1, 
Type 4S2 or Type 4S3 to look at fast sig- 
nals recurring at a very low rep rate. In 
this situation, there is such a long waiting 
period between samples tliat the Aliller 
Memory usually drifts away from the level 
it was set to by the preceding sample before 



+100U 




Figure 5. Partial schematic showing the ad- 
dition of the 25 k potentiometer to the plate 
circuit of Vn 33A. 



it is reset by a new sample. This creates 
vertically elongated “slashes” instead of dots. 
The addition of a 25 k potentiometer (Tek- 
tronix Part Number 311-390) in series with 
the plate of V1133A in the Memor>^ circuit 
of these plug-ins will give you an adjust- 
ment with whicli you can virtually eliminate 
the tendency to drift and slash. Figure 5 
shows a schematic of the new circuit. 

Please note that the Types 4S1, 4S2 and 
4S3 are dual -trace instruments. As such 
tliey have two input channels and eacli cltan- 
nel has its own Memory card. For single 
trace operation you need modify only the 
Memory card of the input channel you in- 
tend to use. For dual-trace operation you 
should modify the Memory cards of both 
channels. 

The potentiometer may be installed on the 
lip of the Memory card chassis alongside 
tlie Smoothing Balance potentiometer. It 
w-ill require the drilling of a li-\nch hole. 
.A nearby vacant slot in a ceramic strip 
simplifies rerouting the -j- 100 -volt supply 
lead through the new potentiometer before 
connecting it to the plate (pin 6) of V1133A 
via the 100-fi suppressor resistor. 

To adjust the pot, first be sure the DC- 
offset control for the channel used is set 
to zero volts. Monitor tlie voltage with a 
voltmeter at tlie monitoring jacks. Observe 
that adjustment of the potentiometer can 
reverse the direction of the spot (up or 
down) as well as the rate at which it drifts 
each time a free-running sweep is stopped. 
Set it so the spot remains in the same posi- 
tion as the trace eacli time the sweep is 
stopped from free-running. 

There is some interaction with the 
Smoothing Balance Control so you may 
have to work back and forth between these 
controls a couple of times. 

NE-23 NEONS RADIOACTIVE MATE- 
RIAL — A CORRECTION 

In this column of the April, 1964, Serv- 
ice Scope we stated that the new NE-23 
Neon lamps contained a tiny bit of radio- 
active material added to the glass envelope 
during manufacture. Mr. Charles Dougher- 
ty, Applications Engineer with the Miniature 
Lamp Department of General Electric Com- 
pany, tells us that radioactive material is 
not added to the glass envelope. They do, 
however, add a radioactive gas with the 
neon mi.xture. This accomplishes the pur- 
pose which we cited as tlie reason for add- 
ing radioactive material to the glass — that 
of assuring immediate ionization of the 
neon gas. In addition, it minimizes dark ef- 
fect in these neons. 

To answer any question that you may 
have in regard to danger from tliis radio- 
active gas, Mr. Dougherty assures us that it 
offers no hazard to service people or users 
of equipment containing NE-23 neons. 



TYPE 541, 545, RM41 and RM45 OSCIL- 
LOSCOPES — MODIFICATION TO 
PERMIT THE USE OF TYPE T543 
CRT 

A simple modification will permit the use 
of either the Type T54 (original equip- 
ment) ert or the T\-pe T543 (used in Type 
543 Oscilloscopes) in all Type 541, 545, 
RM41 and RM45 Oscilloscopes. Both the 
T54 and tlie T543 ert employ etched deflec- 
tion plates. There are, however, two possi- 
ble advantages in converting to the Type 
T543 ert. One is, facilities that use both the 
Type 543 instrument and other instruments 
in the older Type 540 Series (541, 545, 
RM41 and RM45) will need stock only 
one type of replacement ert — tlie Type 
T543. The other advantage is tiiat the Type 
T543 ert reduces the effect of intensity 
change as a result of Astigmatism control 
clianges. 

Please note that this modification does 
not apply to the recently announced Type 
544, Type 546 and Type 547, or to the Type 
540 A Series and Type 540B Series Oscillo- 
scopes. 

To make the modification : 

1. Remove the ert from the instrument. 

2. Disassemble the ert socket liy removing 
the two screws. 

3. Short pins 11 and 12 of the ert socket 
togetlier. One method is to notch the rib 
between the ribs and short them with a 
piece of #22 bare wire; another, to use 
■an external loop. 

Steps 4, 6 and 7 apply to the following 
Instruments onh^ : 

Tyqie 541, s/n 101 -6928, inclusive 
545, s/n 101 - 11328, inclusive 
RM41, s/n 101 - 135, inclusive 
RM45, s/n 101-192, inclusive 

4. Run a lead through hole #8 in the ert 

socket insert and solder it to pin #8. We 
suggest using a 9-inch length of #22 
stranded wire, color-coded: white-orange- 

green -lu'own, which denotes the supply volt- 
age to which the lead will be connected. 

5. Re-assembly the ert socket. 

6. Remove the high-voltage shield on the 
top left side of the instrument. 

7. Run the free end of lead (Step 4) 
through a vacant hole in the high-voltage 
cl lass is (just above the ert socket) and 
solder it to the +350 volt point (white- 
orange-green -brown lead) on the rear ce- 
ramic strip. 

8. Replace the high-voltage shield and 
install the ert. 

Correct your Instruction Manual parts 
list and schematic as rcquire{l. 

Refer to your Instruction Manual and re- 
calibrate your instrument as required. 
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SCOPE PADS BY ENSCA, INC. — 
ADDRESS INFORMATION 

In tlie Februai'}’, 1964, issue of Service 
Scope we told our readers about a product 
called “Scope Pad” distributed by Ensca, 
Inc., P.O. Box 253, New York, New York 
10023 (Zip Code). 



We are now informed that the address 
should include “Ansonia* Station” following 
the P.O. box number. 

Several of our readers complained to us 
that inquiries to Ensca using the address 
as originally given were returned to them 
as un deliverable. Using the corrected ad- 



dress should solve these readers’ problem. 
This Editor has contacted Ensca several 
times using the correct address. 

Air. Sidney, Sales Alanager for Ensca, 
Inc., stresses the need to include the Zip 
Code in the address. New York postal 
people are becoming very emphatic about 
the inclusion of Zip Code Numbers, 



NEW HELD MODIFiCATION KITS$ 



TYPE 3T77 SAMPLING PLUG-IN 
UNIT — IMPROVED SINE-WAVE 
TRIGGERING 

This modification improves the display 
stability wlien triggering on liigh-frequency 
sine waves. 

A change in the trigger circuit supplies 
a means of switching to a “lock -on” type 
of triggered operation when displaying higli- 
frequency sine waves. This eliminates the 
drift in recovery time and the subsequent 
display break-up. 

A new front-panel RECOVERY control 
with a push-pull switch replaces the old 
RECOVERY control. Pulling the switch to 
the ON position activates the RECOVERY 
control to synchronize the circuit on sine 
waves above approximately 30 Me. Pushed 
in, the RECOVERY control activates the 
circuit to trigger on signals below 30 Ale. 

This modification is applicable to Type 
3T77 Sampling Units with serial numbers 
126 tlirough 839. 

Order through your local Tektronix Eield 
Engineer, Representative or Eield Office. 
Specify Tektronix Part Number 040-372. 



TYPE 6R1 DIGITAL PLUG-IN UNIT — 
PEAK-TO-PEAK AIEMORY AND IM- 
PROVED COMPARATOR CARDS 

This modification replaces the original 
Alemory and Signal Comparator cards with 
new and improved cards. Tiie new cards 
offer switcii selection of Peak- to- Peak or 
Average Alemory, switch selection of East 
or Slow charging rate, increased 100% -Zone 
adjustment and improved long term stabil- 
ity. 

Tliis modification also decouples the — 12.2 
volt supply to the Comparator Card. In- 
stallation requires changing some of the 
associated circuitry and includes some 
changes in the Vertical Input circuits to the 
Timing vStart and Timing Slop switch e.s. 

This modification is apidicable to Type 
6R1 instruments with serial numbers 126 
through 994. Please note, however, that in- 
struments below serial number 695 must 
have the Series M. Al aster Gate Card Alod- 
ification (Tektronix Part Number 040-v342) 
installed before this modification is per- 
formed. 



Tektronix part number for the Peak-To- 
Peak A'lemoiy' and Improved Comparator 
Card Alodifi cation Kit is 040-369. Order 
through your local Tektronix Eield Engi- 
neer, Representative or Field Office. 

TYPE 581 AND TYPE 585 OSCILLO- 
SCOPES — SILICON RECTIFIER 

This modification replaces the original 
selenium rectifier assembly witli a silicon di- 
ode rectifier assembly. This new rectifier 
offers better reliability and longer life. 

The modification also a(lds a fuse in series 
with one of the AC leads for protection 
from damage caused by an overload or com- 
ponent short. 

This modification is applicable to Type 
581 instruments with serial numbers 101 
through 1300 and Type 585 instruments with 
serial numbers 101 through 3762*. Please 
note that this modification does not apply to 
instruments that have had the modification 
kit “Regulated DC Filaments in the Verti- 
cal Amplifier” installed. 

Order through your local Tektronix Field 
Engineer, Representative or Field Office. 
Specify Tektronix Part Number 040-387. 

*Some instruments within this serial number 
range were factory modified, A visual check 
of your instrument will determine if it is 
one of these. 

TYPE 321 OSCILLOSCOPE — VERTI- 
CAL LINEARITY I APPROVEMENT 

This modification gives the Type 321 im- 
proved vertical linearity, minimum AC-DC 
gain cliange and reduced DC shift. 

The improvement in the vertical linearity 
is accomplished by electrically relocating the 
POSITION control to the Input Amplifier 
emitter circuit, by reducing post accelerator 
voltage and by thermally balancing the In- 
put Amplifier. The input protection neon 
is moved from the -p45-volt supply to 
ground. This reduces the small “dark cur- 
rent” in the neon that tends to introduce 
dc shift. 

The modification is applicable to Type 
321 Oscilloscopes with serial numl)ers 101 
through 4267. However, instruments in the 
serial number range 101 througii 719 should 
have the Nu vis tor Alodifiaition Kit (Tek- 



tronix Part Number 040-309) installed be- 
fore the Vertical Linearity Improvement 
A'lodification Kit (Tektronix Part Number 
040-377) is installed. 

Order through your local Tektronix Field 
Engineer, Representative or Field Office. 
Specify Tektronix Part Number 040-377. 

RELAY RACK CRADLE ASSEAIBLY 

This modification provides a rear sup- 
port cradle for mounting the listed instru- 
ments in a backless relay rack by means 
of slide-out tracks. The slide-out tracks, 
which must be ordered separately, allow 
the instrument to be pulled out of the rack 
like a drawer and locked in one of seven 
positions; horizontal, or 45°, 90°, or 105° 
above and below horizontal. 

The modification is applicable to instru- 
ments in the following list. The list also 
gives the slide-out tracks required for 
mounting the instrument in a backless re- 
lay rack. 



Instrument Serial Slide-out Track 

Number Tek. Part No. 



Type 


127 


309-up 


351-006 


(1 each) 


Type 


RM15 


101 -up 


351-006 


(1 each) 


Type 526 


101 -up 


351-010 

and 

351-011 


(1 each) 
(1 each) 


Type 


RA1561 


101 -up 


351-050 


(1 each) 


Type 


RA1561A 


101 to 
105 


351-050 (1 each) 


Type 


RAI561A 


5001 -up 


351-050 


(1 each) 


Type 


RAd564 


100-up 


351-050 


(1 each) 


Type 


RM647 


100-up 


351-006 (1 each) 



Order through your local Tektronix Field 
Engineer, Representative or Field Office. 
Specify Tektronix Part Number 040-344. 



TYPE 121 PREAMPLIFIERS — SILI- 
CON RECTIFIER 

This modification replaces tlie original 
selenium rectifier with a silicon- diode rec- 
tifier. The silicon-diode rectifier offers bet- 
ter reliability and longer life. 

The modification applies to Type 121 in- 
struments with serial numbers 101 and up. 

Order through your local Tektronix Field 
Engineer, Representative or Field Office. 
Specify Tektronix Part Number 040-381. 
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Telex: 5788... Cable : TOCOl’EN, Copenhagen 

FEDERATION Mechanical & Combustion Engineering Co., Ltd., 9, Jalan Kilang, Red Hill Industrial Estate, 

OF MALAYSIA (P. O. Box 46. .-Mexandra Post Office), Singapore 3 Cable: MECOMB . . .Teieplionc : 62361-3 

"^FINLAND Into O/Y, !\ O. Box 153. 11, Meritiillinkaiu, Helsinki Telephone: 66.39.09 & 63.51.25 

Cable: INTO. Helsinki 

^FRANCE Relations Techiikitics Intcrcontincntales, S.A., 1.34, .Yvcmic de Malakoft, Paris XVI 

Telex: 2.5,003 ... Cable: RELATEK. Paris ... Telephone: PAS.sy 08-36 & PASsy -13-09 

^GREECE Marios Dallcggio Representations, 2, .Mopekis Street, .'\thcn,s 139 Telephone: 710,669 

Cable: DALMAR Athens 

HONG KONG and Internationa! Service Corporation Ltd., 64, Castle Peak Road, Kowloon, Hong Kong .... Telephone: 86S314 
MACAU Cable: INSCOL, Hong Kong' 

INDIA Elect vouve Enterprises, 46, Karani Building, New Chttnii Road, Bombay 4 BR Telephone: 75376 

Cable: TRONIX Bombay 

^ISRAEL Ea.sii-onics Limited. 22, Maze St., (P.O. Box 21029) Tel -\viv Telephone; 66890 

Telex: 033-638. . .Cable; EASTLAND Tel .\viv 

*ITALY Siivcrstar Ltd., Via Dei Graccln N20, Milano Telephone: 469.6551, 2, 3, 4, 5 

Cable: SILVERSTAR, Milano 

Siherstar Ltd., Vha Paisicllo N„i0, Roma ... Cable; SHAVERS TAR. Roma ... Telephone : 855.366 & 869.009 

Siivcrstar Ltd., Via Casielfidardo N.21, Torino Telephone: 400,75 & 435.27 

Cahl c : S I L V ERST A R , Torino 

JAPAN Midoriya Electric Co., Ltd,, 3, 2-Chomc, Kyobashi, Chuo-Ku, Tokyo Telephone: 561-9256 & 561-5848 

Cable: MIDRIYAELC Tokyo 

^LEBANON Projects. P. O. Box 2393, Bcirm Cable: PROJECTS Beiriu ... Telcpiionc: 241200 

MEXICO Fredin S.A., Mdclior Ocampo No. 212-.505, Mexico 5, D.F., (P. O. Box 53-958, Mexico 17, D.F.) 

Telephone: 46-44-21, 34-88-61 

NEW ZEALAND W & K McLean, Ltd., 7 Anzac Avenue, (P.O. Box 3097) .’\iickland Telephone: v34-541 

Cable : KOSFY Auckland 

^NORWAY Morgcnsiienic & Company, Wesscls.gt 6. Oslo 1 Telephone: 20-16-35 

Telex: 1719 ... Cable: MOROF Oslo 

PAKISTAN Pak-Land Corporation, Central Commercial Area. Iqbal Road, P.E.C.H. Society, Karachi 29 

Cable: P . \ K I- N D Pakistan Tel ephone : 473 1 5 

*PORTUGAL Efinipamcntos dc Laboratorio LD.\, Rue Pedro Nunes 47. l.isboa 1 Telcpiionc: 73.34.36 & 73.34.37 

Cable: EQUILAB, Lisboa 

^REPUBLIC OP Prolca I’hy.sical & Nuclear Instrumentation (Ply) Ltd.. .38. Faraday Street, Wemmer, Johannesburg 

SOUTH AFRICA Telex: J7337 ... Cable: M.-\NLU Telephone: 33-1015 

*SPAIN Carlos Rafael Marcs, S.L., Valencia 333, Barcelona (9) Telephone: 257.62.00 

Cable; SERAM Barcelona 

^SWEDEN Erik Fenicr, .X.B.. Snortnak:;rvagcn 35, Box .56. Bromma Telephone: 08/2.52870 

Telex; 10312 ... Cable: SCI ENT RON. Stockholm 

*The NETHERLANDS C. X^. Rood, N. V., 13, Cort van tier Lindenstraat, P. O. Box 4.542, Rij.swijk 

']'c 1 c X : 31238 ... Cable: R O O D H G , R i j s w i j k ... Telephone: The Hague 98.51.53 

^TURKEY M. Siiheyl Erkmtin, Necatibey Cad No. 207, Galata, Istanbul Telephone: 4-11546 

Cable : I N G MESU ER I simtbul 

URUGUAY Conipaiiia Uruguaya De Rayos X y Electromcdicina S.A.. Mercedes 1300. Yaguaron 1449, Montevideo 

Cable: CURZR.XY, Montevideo Telephone: 8 58 29 

VENEZUELA Tccnica Nuclear dc Venezuela, C..-\., (.Apartado Del Estc 10..507) Plaza Morelos Edificio Eso, Caracas.... 

Cable: TECNUC Caracas Telephone; .54-39-56 

*WEST GERMANY Rohde & Schwarz Vcrtriebs-Gmbll, Hohe Strasse 160-168, Kbln Teieplionc: 23-30-06 

Telex: 08882917.. .Cable: ROHDESCHWARZ Kbln 

Rohde &■ Scliwarz Handols-Gmhli. Ernst-Rcuter-Platz, 10. Berlin 10 Telephone: 34-05-36 

Telex: 0181636. . .Cable : ROHDESCHWARZ Berlin 

Rohde & Schwarz Veriricbs-Gmbli, Kornerstrasse 34, Hamburg Tclepboiie: 27.41.41 

Telex: 0213749. . .Cable: ROHDESCHWARZ Hamburg 

Rohde & Scliwarz Wrtriebs-GmbH, Kriegstrassc 39, Karlsruhe Telephone: 23.97,7 

Telex: 07827.30 ... Cable: ROHDESCHWARZ Karlsruhe 

Rohde & Schwarz Wrtricbs-GmbH, Dacha tier Strasse 109, Miinchen Telcpiionc. 52.10.41 

Telex : 0522953 . . . Cable : RO H DES CM WAX RZ V ERTR 1 EB M iinchen 

^Served by Tektronix Limited, P. O. Box 36, St. Peter Port, Guernsey, Channel Islands. Other Overseas Areas and Distributors 
served by International Marketing, P. O. Box 500, Beaverton, Oregon 97005, U.S.A., Cable: TEKTRONIX. 
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The complicated char act eristic- family parameters for transistors are more use- 
ftd for design purposes than for analysis. The best analytical tool is one that pro- 
vides a means of quickly doing an adequate job of circuit analysis for trouble- 
shooting or evaluation purposes. This article suggests such a tool. 



When a person thinks of a transistor am- 
plifier, he usually thinks of a transistor in 
a circuit, behaving in some manner that de- 
pends on a set of measurements that have 
been made on the device. These measure- 
ments may be called h-parameter, r-parame- 
ter, or any of many other characteristic 
families. Each has its advantages, but they 
all have common disadvantages to the tech- 
nician. They are complicated in nature 
and involve numerous variables. They are 
a means of measuring a transistor's cha ra- 
ter istics, but say little about the circuit which 
uses that transistor. Published parameters 
are very general and, for a given type, 
will vary widely from one unit to another. 

Designers have these variations in mind 
when they design a linear amplifier circuit, 
and some type of feedback is usually em- 
ployed in order to make the circuit as inde- 
pendent of the transistor characteristics as is 
practical. Transistor ijarameters md.y vary 
50% or more without appreciably altering 
the gain or linearity of a well designed 
amplifier. 

As we will show later transistor parame- 
ters are more useful as a guide by which to 
judge the relative merits of one transistor 
against another than as an analytical tool. 
They also give the student of solid state 
theory some measurable quantities to iden- 
tify, in order to grasp some of the more 
difficult concepts involved in semiconductor 
action. 



The parameter families are more useful 
for design purposes than for analysis. The 
best analytical tool provides a means of 
quickly doing an adequate job of circuit 
analysis for trouble-shooting or evaluation 
purposes. 

The approach we are about to present elim- 
inates the use of published data, except for 
Beta. This by no means implies that the 
other parameters are not useful. It does say, 
however that it isn’t necessary to apply all 
you know about transistors to get a general 
understanding of how an amplifier works. 
Anyone with a basic knowledge of transistor 
characteristics and of Ohm’s law, will have 
no trouble applying this approach to transis- 
tor amplifiers. 

Keep in mind that our approach is very 
general and is not intended for use where 
extreme accuracy is desired. You can 
expect an accuracy that varies no more than 
10 to 20 percent from the true circuit 
values — depending upon how familiar you 
are with the transistor being used. 

If a transistor is considered to be two PN 
junctions connected together, and if we then 
consider only the junction formed between 
emitter and base, we find that the E-I plot 
of that junction is roughly that shown in 
Figure 1. Line 1 on the graph is the plot 
of the Base-t 0 -Emitter Voltage -vs- Base 
Current, and line 2 is the plot of Base-to- 
Emitter Voltage -vs- Emitter Current. If 
the slopes of the curves are measured at a 




Figure 1 — ■ Voltage -vs- current graph of the 
Base-to-emitter characteristics of a transistor, 
line 1 is the plot of base current (lb) -vs- 
Base-to-emitter voltage (Vbc) . Line 2 is the 
plot of emitter current (le) -vs- Base-to-emitter 
voltage (Vbt). Point “A” indicates a typical 
operating point on the characteristic. With 
a common Vbc, the ratio of B, to lb at point 
"A” is: le/lb ~ -|- 1. Point “B” indicates 

the point at which the transistor goes into 
saturation. The area between Vbe = Ov and 
Vix sat is the dynamic operating range of the 
device. The resistance represented by line 2 
at any given point is approximately 0.026/le. 
The resistance represented by line 1 at any 
given point is approximately 0.026/lb. line 
2 represents the resistance 1/gm and line 1 
represents 1/gm (j8-|-l). 
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common point in voltage (Point “A”) there 
will be a considerable difference in the two. 
The slope of these curves is actually a plot 
of the dynamic resistance of the junction. 
The resistance shown by line 1 is approxi- 
mately (/3+1) times that shown by line 2 
for any point on the curve between the 
origin and point If we can by some 

means determine the value of resistance 
represented by one line, and if we knowj3, 
then we can find the resistance represented 
by the other line. 

The slope of line 2 at any point between 
the origin and point “jg” is approximately 
equal to: 

where le is the DC current at the point 

le 

selected. (The value 0.026/1 e is justified in 
the basic physics of the device, and no 
further explanation is offered.) 

To simplify the powers of ten involved, 
remember that the resistance shown by line 



le expressed in ma. 

26 

(If le = 10 ma, then r(n»c :>) = — = 

2.6 U) 

Now consider what this has to do with 
transistor circuits. Note that the slope of 
line 2 on the graph is : 

A Vbo 

”aT7 

(For a transistor in a common base con- 
figuration the slope represents: 

A Ein 

Alin 

which is input resistance.) 

Assuming the transistor has a very high 
js, the input current (Ah>) will be approxi- 
mately equal to the output current (Ah). 
Then we can say that line 2 closely approxi- 
mates the plot of : 



A Eln 

A lout 



In vacuum tube theorjq 



A Ein . 

— - — IS called 
A lout 



1/gm, so lets’s just call the resistance repre- 
sented by line 2 of Figure 1 by the same 
name — 1/gm. 

All we’ve said so far is that the impedance 
looking into the emitter of a transistor is 
approximately equal to 1/gm of the device, 
and can be calculated by : 



1 _ 
gm 

26 

DC value of emitter current in ma. 



In series with 1/gm is a small resistance, 
Reb, that is made up of the ohmic resistance 
of the leads and the semiconductor material. 
Reb usually amounts to about 2 S 2 to 5 O. 
(For power transistors the value of Reb may 
be as low as a few tenths of an ohm, while 
some special purpose and low performance 




Figure 2 — Schematic equivalent of the emitter 
circuit of a transistor. 1/gm is the dynamic 
resistance of the junction due to carrier action 
and Reb is the DC resistance in the leads and 
ohmic contacts of the leads within the tran- 
sistor case. 



types may have Reb’s as large as 25 Q. The 
value of 2 9. to S 9 fits most modern, high- 
performance, medium -power transistors.) 
For very low values of lo, Reb can be neg- 
lected since 1/gm will be fairly high. How- 
ever, if the transistor is operating at several 
ma of emitter current, Reb becomes an 
appreciable part of the total resistance from 
emitter to base, and must be added to 1/gm. 

Figure 2 shows what the transistor looks 
like between emitter and base. The sum of 
Reb + 1/gm is an operating characteristic of 
the device we shall call “transresistance”. 
The notation for transresistance is rtr. 

An example of the application of this idea 
to circuit analysis can be seen by referring 
to the diagram in Figure 3 (a). 

Assume the DC operating point has been 
solved for. 



Since the driving voltage is on the base, 
the drive will be impressed across the trans- 
resi stance of the device. Now, if we ignore 
the small error due to base current, (assume 
ic = ie) we have the relationship: 



( 1 ) Vin _ Vout 

rtr Rl 



From the relationship in ( 1 ) we obtain : 



(2) Av = 



Vout 

Via 



rtr 



The equivalent of the circuit in Figure 3 
(a) is shown in Figure 3 (b). 

For degenerative circuits, such as that 
shown in Figure 3 (c), the input voltage is 
developed across the trails re si stance and R,. 
in series. (The equivalent of the degenera- 
tive circuit is shown in Figure 3 (d).) The 
formula for voltage gain in this circuit is : 



(3) Av = 



Rl 

rtr -j- Ro 



When Re is large with respect to rtr, the 
gain is simply : 



(4) Av =: 



rT 





Figure 3 — (a) Common emitter voltage amplifier showing location of input and output terminals, (b) Equivalent circuit of 3(a) shows Vin 
impressed acorss rtr. That voltage causes current through Rl that is approximately equal to the current through rtr. Hence: Vout/Vin = Av = 
Ri/rtr. (c) Common emitter amplifier using degeneration in the emitter, (d) Equivalent circuit of 3(c) showing Re in series with rtr in the 
signal path. Voltage gain for this current: Av — Ri/rtr -j~ Re. 



2 



(C) 1964 Tektronix, Inc. 
All Rights Reserved 




The above approach works very well for 
any configuration of amplifier, whether com- 
mon base, common emitter or common col- 
lector. It also applies very well to paraph ase 
and push-pull amplifiers, as long as the 
concept of transresistance is used to repre- 
sent the resistance seen when looking into 
the emitter of the transistor. Of course the 
approach must be modified and added to, if 
it is to be applied at or near the frequency 
limits of the amplifier. Those modifications 
are bej-ond the intent of this writing and 
will be saved for a later discussion. 




Figure 4 — Amplifier used as an example of 
the application of transresistance compared to 
h-parameters. The DC operating point is as- 
sumed to be set at h “ 5 ma; Vce = 2.5 v. 
The transistor is a 2N2475. 

An example of how the foregoing method 
can be applied to amplifier anal}^sis and how 
it compares to the h-parameter approach fol- 
lows : 

Figure 4 is a common emitter amplifier 
that uses a 2N2475 transistor. Table 1 gives 
the h-parameters for the transistor as meas- 
ured on a Tektronix Type 575 Transistor 
Curve-Tracer, 



TYPE 2N2475 


TRAMSISTOR 


I 

B 


5 ma 


\1 


2.5 ma 


ce 


^4 

ie 


1.4 k 


h 


lx 10“'* 




^fB 


180 


^B 


300 >iv 



Table 1 — List of the h-parameters for the 
Type 2N2475 transistor at h = 5 ma; Vco ~ 
2.5 V. 



In this example we will determine voltage 
gain (Av) and input resistance (ri.O using 
both the h-parameter method and the ap- 
proach just described. 

The solution using h-i)arameter follows : 



(5) Av = 



hfe Rl 

A heRL h i c 



A ho is defined as : 

(6) A ho = (hie) (hoe) - (lire) (hfe) 
For the parameter in this example: 

Aho = (1.4) (103Q) (3) (10-%iho) - 
(180) (10-0 
0.42 - 0.018 
= 0.402 



Inserting circuit values in equation (5) 
yields : 



(180) (100 fi) 
(0.402) (100 S2) + 



12.5 



To find the input resistance : 



(7) ri. 



hie -|~ A he Rl 
1 -f- hoe Rl 



Putting in circuit values; 



_ 1400 a + (0.402) (100^1) 
^ 1 + (3) (10-hnho) (10012) 

:= 1.4 kn 



Now let us solve for the same quantities 
using transresistance. 

As we have shown : 



(8) rtr 1/gm + Reb 



the base. Transresistance appears in the 
emitter of the transistor — therefore: 

(10) Tin = rtr (J3 +1) 

For this example : 

r.n (8.2 0) (181) 

= 1.4 kO 

Comparing the two approaches we see 
that h-parameters give us: 

Av = 12.5 
r in •— 1 .4 kO 

and the transresistance approach yields : 

Av == 12.2 
n„ = 1.48 kO 

As this shows, the results are very nearly 
the same regardless of the method used. 
The advantage of the transresistance meth- 
od is that it didn’t require the use of a set 
of parameters. Instead it was necessary only 
to know the beta of the transistor and to 
make one calculation. If Reb had been as- 
sumed to be either of the two extreme 
values, the results would have still been 
within 20% of the answer given by h-pa- 
rameters. 

If we now take the same transistor and 
place it in a circuit such as the one in Figure 
5, the voltage gain will be shown by equation 
3. 



If we assume the DC operating point to 
be the same as that of the previous example, 
the voltage gain will be; 



and : 

(9) 1/gm = 

le in ma. 

Rlb is typically 2 to 5 S2 for this type of 
transistor. For this example we will use 

Reb — 3 

Therefore, for this circuit : 

26 , 

rtr ~j~ 3 12 

5 ma 

~ 8.212 

From equation 2 : 




rtr 



For this example : 

, 10012 

Av = 

8.2 a 

= 12.2 

To find input resistance using transre- 
sistance it must first be shown that any im- 
pedance that appears in the emitter of a 
transistor will be seen as that impedance 
multiplied by (^ -|-1) when measured from 



(Figure 5) 

10012 

A ^ — 

8.2 12 -[“ ^ 1 ^ 

= 7.6 

The input resistance to this amplifier is 
now : 

(11) rin = (Re + rtr) ( /? + 1) 
(13.212) (181) 

= 2.38 kl2 

Note that the addition of Re would 
require modification of the DC levels around 
the circuit in order to maintain the same 
DC operating point for the transistor. 




Figure 5 — Amplifier with the same type 
transistor set at the same operating point as 
that in Figure 4. This circuit has Re added 
to reduce the voltage gain and Increase the 
input resistance. 
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TYPE 530/540 SERIES OSCILLOSCOPES — 
SIMPLIFIED MAIN SWEEP TRIGGER ADJUSTMENTS 



By Sandy Sanford, Field Engineer with Tektronix 
Product Information Department. 



+2D1.2 V 
IIMPUT 



MB GAIN 



(catalog spec ) 

l/ 

(0.2 v) (7) 



+200 V 



1.4 



Signal must penetrate both 
levels once each cycle 

Reset Level 



Trip Level 






U8 (pin 1) plate voltage with 
both grids of UB at (or near) 
0.0 volts dc (referenced to 
nround). 



for TRIGGER SHAPER 
MULTI A/20 



Figure 1. Graphic illustration of the three basic requirements of the trigger system; points a, b and c of this article. 



Here is a systematic step-by-step adjust- 
ment procedure which will increase the 
length of time between necessary recali- 
brations of the MAIN SWEEP trigger cir- 
cuits. As you work your way through these 
adjustments, any defective component or bad 
tube will be noticed — making your trouble- 
shooting easy. 

By using this system you will satisfy 
three basic requirements of the trigger 
system : 

a. Right-hand plate of V8 must not move 
up or down when grids of V8 are in- 
terchanged by turning the SLOPE 
switch. 

b. Trip voltage level of the bistable 
multivibrator, V20, must be set to a 
few millivolts above the plate voltage 
of V8 as found above. 

c. Width of the bistable multi hysteresis 
gap (difference in volts between the 
“trip” level and the “reset” level) 
must be set to about 1.2 volts. 

In general, procedure set down here can 
be used to adjust similar trigger systems in 
many Tektronix oscilloscopes. The specifi- 
cations will turn out to be different but the 
basic functions performed by each trigger 
system will be about the same. 

I. Preset the front panel controls as fol- 
lows : 

A. Sweep TIME/CM — 1 msec 

B. STABILITY control — Triggerable 
range (free-run less 10 degrees). 

C. TRIGGER SLOPE t-EXT. 

D. TRIGGERING MODE — DC. 

II. Set TRIGGERING LEVEL: 

A. Connect 20,000 ohms/volt meter (first 
on 6 V range ~ then on 12 v range) 
across plates of trigger amplifier, pins 
1 and 6 of V8. 

B. Turn TRIGGERING LEVEL con- 
trol until meter reads “O”. 

C* Change SLOPE switch to — EXT. 



D, Meter will read up scale or down scale. 
(If meter reads down scale, reverse 
the leads.) 

E, Voltage reading (on 12 v range): 

1. Turn TRIGGERING LEVEL con- 
trol to previous voltage reading. 

2. Now, moving from +EXT to 
— EXT should cause no change in 
voltage reading. 

F, Verify that white dot on TRIGGER- 
ING LEVEL knob is opposite the en- 
graved Zero on the panel. If not, cor- 
rect by loosening knob. 

III. Check for grid current: 

A. With TRIGGER SLOPE +EXT 

1. Short EXT TRIGGER INPUT to 
ground (use 47-12 resistor). 

2. Meter should move less than 100 mv 

( 0 . 100 ). 

B. With TRIGGER SLOPE —EXT: 

1. Check for grid current as above. 

2. Replace tube if grid current is too 
high. 

IV. INTERNAL TRIGGER DC LEVEL 
ADJ: 

A. Tie the vertical amplifier input to 
ground. 

B. Move spot to center of crt with HORI- 
ZONTAL POSITION control. Verti- 
cally position the spot or trace to the 
horizontal center -line of graticule. 

C. Set TRIGGER SLOPE to +INT. 

D. Turn INT. TRIG. DC LEVEL ADJ. 
pot until meter indicates voltage ob- 
tained in step II, E, 2. 

Note: Shifting from -(-INT to — INT 
to -(-EXT to — EXT should cause no 
change in meter voltage reading. 

V. TRIGGER LEVEL CENTERING : 

A. Turn TRIGGER SENSITIVITY pot 
to mid-range. 

B. Turn TRIGGER LEVEL CENTER- 
ING pot : 

1. Clockwise to reset the Schmitt cir- 
cuit (V20). 



2. Slowly counter-clockwise till Schmitt 
circuit has just triggered (this is 
indicated by one stroke of the sweep 
generator) . 

C. If more than one stroke occurs, or if 
the Schmitt circuit triggers for both 
clockwise and counter-clockwise rota- 
tion of the TRIGGER LEVEL CEN- 
TERING POT, turn the TRIGGER 
SENSITIVITY pot 15° or 20° 
counter-clockwise from mid-range and 
recheck TRIGGER LEVEL CEN- 
TERING. The Schmitt circuit tube 
may need to be replaced. 

D. Remove meter leads. 

VI. TRIGGER SENSITIVITY : 

A. Connect 200 mv calibrator square wave 
to VERTICAL INPUT and to EXT 
TRIGGER input. 

B. Set vertical VOLTS/CM switch for 
a 2 cm display. 

C. Reduce ac input (oscilloscope’s line 
voltage) to 105 volts — or to a line 
voltage which just keeps all regulated 
power supplies functioning. 

D. Adjust TRIGGER LEVEL control 
slightly ; system should trigger smooth- 
ly on 200 mv EXT. Square wave. 

E. Check that the trigger system will not 
trigger continuously on 100 mv — even 
with very careful adjustment of the 
TRIGGERING LEVEL control. 
Note: If oscilloscope triggers on 100 
mv, turn TRIGGER SENSITIVITY 
counterclockwise 15° to 20° and re- 
check. Return oscilloscope’s line volt- 
age to 117 volts and again check the 
TRIGGER circuit for proper opera- 
tion. 

VII. PRESET STABILITY: 

Follow procedure given in Instruction 
Manual. 
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TYPE 526 VECTORSCOPES QUAD- 
RATURE PHASE DRIFT 

Some Type 526 Vectorscopes have exhib- 
ited qnadrature-phase-drift problems. The 
seat of the trouble seems to be L264, a 15- 
to-27 /ill coil in the quadrature phasing cir- 
cuit. In some environments this coil will 
absorb moisture during the periods the in- 
strument is not in operation. The effect of 
L264 on the circuit will vary according to 
the amount of moisture absorbed and drift 
will occur as the heat from the instrument 
drives moisture from the coil during periods 
of operation. 

Installation of a newly -designed moisture- 
resistant coil in the L264 position wall help 
to correct this difficulty. For Type 526 in- 
struments with serial numbers 101 through 
511, with the exceptions of numbers 439, 477 
and 492, specify Tektronix part number 050- 
210. For instruments with serial number 
512 and up (and also serial numbers 439, 
477 and 492) specify Tektronix part number 
114-163. Order the new coil through your 
Tektronix Field Engineer or local Field 
Office. 

TYPE 317 OSCILLOSCOPE ™ 120 

CYCLE RIPPLE 

Sometimes a Type 317 Oscilloscope wall 
exhibit 120 .cycles of ripple on the trace 
when the VOLTS/DI V switch is in the 10, 
20, or 50 mv AC position. This may be due 
to a ground loop betw^een C154 (a 500 /ifd, 
ETM capacitor in the preamplifier circuit) 
and ground. Placing a short jumper between 
Cl 54 and the front panel reduces the amount 
of ripple. By lifting the can of Cl 54 above 
ground at its grounding strap and then run- 
ning a separate ground from Cl 54 to the 
shield of the Vertical Volts/Div swatch you 
will completely eliminate the problem. 

TYPE 545 OSCILLOSCOPE ™ POWER 
SUPPLY REGULATION 

Do you have a stubborn problem of 60 
C 3 He ripple in the 100 -volt supply of your 
Type 545 Oscilloscope >^et everything seems 
to check out as normal? If you do, try 
separating the common cathode and fila- 
ment ground of V742, a 6AU6 tube in the 
low voltage power supply. Re-connect the 
filament lead to a separate ground lug of 
the tube socket. Sometimes, w'hen the cath- 
ode and filament of this tube share the 
same ground lug, oxidation wall occur be- 
tw^een the ground hig and the chassis and 
allow the filament to modulate the cathode. 



TYPE 502 OSCILLOSCOPE — LOW 
FREQU EN C Y D I STORT I ON 

The recalibration instructions in the Type 
502 Instruction Manual, under step 29 (Feed- 
back Bal. Adj.), Figure 6-10 show^s a 
typical low'-frequency square-w^ave distor- 
tion. A simple modification wall eliminate 
this distortion. 

The distortion comes from the trigger 
pick-off cathode follow^er tube (V493) in 
the Upper and Lower-Beam Vertical am- 
plifiers. Being single-ended, V493 produces 
a small change in current through the de- 
coupling resistors R685 (or R686) when a 
signal is applied to the vertical amplifier. 
This change in current affects the nominal 
"El 00 volts enough to cause the distortion. 

The modification returns the plates of 
V493 directly to the -j-100 volt supply 
(ratlier than through the decoupling net- 
w^ork) and eliminates the difficult}^ 

Here are the instructions for making the 
modification : 

Note; Follow^ this same procedure for 
both the Upper and Lower Beam Vertical 
Amplifiers. 

1. Locate the tw^o 1% resistors soldered 
to pin 1 of V493. (To make wiring 
easier, temporarily unsolder these re- 
sistors from pin 1 of V493 and bend 
them back out of the w^ay.) 

2. Unsolder the white-browm and the 
wdiite-bro war -black-brown wires from 
pin 5 of V493. 

3. Unsolder the bare ware soldered to pin 
2 of V493 and cut it off wdiere it con- 
nects to pin 6. 

4. Solder the two wares unsoldered in 
Step 2, to pin 2 of V493. 

5. Solder one end of a length of #24 
W'hite-browai stranded ware to pin 5 of 
V493. Dress it along the underside of 
the cable leading to the +100 volt de- 
coupling circuit (R685 and C685 or 
R686 and C686). 

6. Solder the other end of the #24 
W'hite-browai stranded ware to the +100 
volt supply at the rear of R685 or R686. 

7. Resolder the two resistors unsoldered 
in Step 1. 

8. Correct the schematic in your manual 
to conform to the work you have just 
done. 



9. Refer to your Instruction Manual for 
the proper procedure and readjust the 
Feedback- Bal -Adj. Disregard Figure 
6-10 in the manual. 

P6038 DIRECT SAMPLING PROBE -- 
REPAIR INFORMATION 

The probe head of the P6038 Direct 
Sampling Probe (specifically designed for 
use with the Type 3S3 and 4S3 Sampling 
Plug-Ins) contains some rather delicate 
parts. These parts are critically arranged 
wdth some tolerances as close as 0.005 inches. 
Even the replacement of the diodes must 
be done wdth care and a jew^eler's touch lest 
the diode clips be sprung. We suggest that 
P6038 probes in need of repair be returned 
to the factory via your local Tektronix 
Field Office. LI ere at the factory we have 
the necessary alignment jigs and special 
techniques to do a quick and efficient re- 
pair job. 

AN INEXPENSIVE SURPLUS-SOL- 
DER REMOVER 

Art Baier, Maintenance Technician with 
the Tektronix Canada Ltd's Toronto Serv- 
ice Center, offers the followdng suggestion: 
Take a three or four inch length of 
Teflon tubing and insert it in an ear syringe. 
This combination makes a useful tool for 
removing unwanted or excessive solder 
from connections and solder holes. It is 
particularly useful when replacing com- 
ponents on etched circuit boards. The tool 
can be used to either suck or blow the un- 
wamted solder awaxy from the connection. 
The heat resistance of the Teflon tubing is 
such that it will not melt from the solder- 
ing iron heat. 

POTENTIAL CRT PROBLEM 

The PME Lab at Ent Air Force Base 
in Colorado Springs, Colorado, reports a 
potential problem when using other than 
Tektronix crt's in Tektronix instruments. 
In the General Atronic’s crt for the Type 
545 Oscilloscope, pins 8 and 9 are shorted 
internalRa If this crt is installed in the 
Type 545 A Oscilloscoite, there is a good 
chance of burning up the Astigmatism con- 
trol — which they did ! 

The people at the PME Lab suggested 
that a note here in SERVICE SCOPE 
might prevent other Air Force Bases from 
making a similar mistake. 




TYPE 310 AND TYPE 310A OSCILLO- 
SCOPES — TRIGGER PROBLEM 
If your Type 310 or 310A Oscilloscope 
reveals a lack of trigger capability after 
about ten minutes of operation, try replacing 
C671. This is a 0.01 /ifd, 400 v, PT capacitor 
in the +300- volt circuit of the low- voltage 
supply. When it becomes leaky it can 
cause the difficulty described here. The 
replacement capacitor should be of the same 
value and of Mylar or Di~Fihn construc- 
tion. The recommended replacement is Tek- 
tronix part number 285-511. Order through 
your Tektronix Field Engineer or local 
Field Office. 



TYPE 527 TELEVISION WAVEFORM 
MONITOR — APPARENT DOUBLE 
TRIGGERING 

Rick Ennis, Tektronix Field Engineer 
with our Greensboro, North Carolina, Field 
Office, calls our attention to a situation in 
which a Type 527 will appear to be dpuble 
triggering. One of Rick’s customers was 
interested in vertical-interval testing. How- 
ever, when they attempted to monitor the 
signals with the DISPLAY switch in the 
VI T position, the Type 527 appeared to be 
double-triggering. They could not see the 
standard one or two interval test signals. 
Instead they noticed either two or four 



interval test signals. What they were seeing 
was the half -line interlace since the Type 
527 was triggering at the field rate. To one 
not aware of this situation it does appear 
that the Type 527 is double-triggering. 
Much time caii be wasted tr 3 lng to correct 
the situation. As Rick explained, the 
indication was not double-triggering but 
in effect a meaure of the interlace. 

To view the VIT signal you should go to 
the TWO FIELD position and set the 
MAGNIFIER to X25. This will show a 
single vertical-interval test signal. 



NEW FIELD MODIFICATION KITS 



TYPE 533, TYPE RM533, TYPE 543, 
AND TYPE RM543 OSCILLOSCOPE- 
SILICON RECTIFIER 

This modification replaces the selenium 
rectifier SR752, used in the VI 52 heater 
supply, with silicon-diode rectifiers. The 
new rectifiers offer longer life and greater 
reliability. There is a difference in the volt- 
age drop across the silicon rectifier and the 
selenium rectifier it replaces. To compensate 
for this difference a resistor is added in 
series with the silicon diodes. 

Order through your Tektronix Field 
Engineer or local Field Office. Specify 
Tektronix part number 040-389. 

NOTE: You may replace the remaining 
selenium rectifiers with silicon rectifiers in 
the above instruments by ordering Modifica- 
tion Kit 040-240. 

TYPE 81 PLUG-IN ADAPTERS — 
GENERAL IMPROVEMENTS 
This modification enhances the perform- 
ance of the Type 81 Plug-In Adapter by: 

1. Improving the transient response. 

2. Decoupling power supply aberrations 
from the plug-in units. 

3. Eliminating parasitic oscillations in the 
Type 581 or Type 585. 

4. Eliminating the 75- volt supply oscilla- 
tions which occur when using certain 
plug-ins. 

5. Changing several components in the 
Vertical Amplifier. 

6. Adding decoupling to the plug-in power 
supplies. 

7. Changing two transistor types. 

8. Elevating the plug-in filament supply. 

9. Increasing the amplitude of the Alternate- 
Trace Sync pulse. 

The modification applies to Type 81 Plug- 
In Adapters with serial number 101 through 
4092. 

Order through 3 'our Tektronix Field Engi- 



neer or local Field Office. Specify Tek- 
tronix part number 040-371. 

TYPE RM647 OSCILLOSCOPE— RACK- 
MOUNT REAR SUPPORT 

This modification supplies a rear support 
for the Type RM647, making it capable of 
withstanding 4G’s of vibration. To com- 
plete the installation, the instrument must 
be fastened to the front rack rails with the 
RELEASE knobs and four screws. 

This kit replaces Rackmount Rear Sup- 
port Kit part number 016-065. 

Please note, if the instrument is mounted 
in a backless rack using Relay Rack Cradle 
Assembly 040-344; or, if slide-out extensions 
are used, the instrument will not meet the 
4G-vibration specification. 

Order through your Tektronix Field En- 
gineer or local Field Office. Specify Tek- 
tronix part number 040-394. 

TYPE RM565 AND TYPE RM567 
OSCILLOSCOPES — RELAY RACK 
CRADLE ASSEMBLY 

This modification provides a rear- support 
cradle for mounting a Type RM565 or 
Type RM567 instrument in a backless re- 
lay rack on slide-out tracks. The slide-out 
track assemblies are not included in the 
modification. They must be ordered sepa- 
rately as follows: 

Instrument Quantity Part Number 

RM565 and 1 pair 351-055 
RM567 

The slide-out tracks allow an instrument 
to be pulled out of the rack like a drawer. 
When pulled out, the instrument can be 
locked in any one of seven positions: hori- 
zontal, or 45°, 90°, or 105° above and below 
the horizontal. 

The modification kit includes a detailed 
drawing giving all dimensions necessary to 
design a relay rack to support these instru- 
ments. 



Order through 3 ^our Tektronix Field Engi- 
neer or local Field Office. Specify Tek- 
tronix part number 040-346. 



SOME CORRECTIONS 

In the April, 1964 SERVICE SCOPE, 
the schematic on page 4 contains an error. 
The voltage to which the plate loads of 
6DJ8 are returned is shown as +225 volts. 
If this were true, the T12G diodes would be 
held at about 74 volts and quiescently the 
6DJ8 plates would be at about 205 volts. On 
receipt of a trigger large enough to cut off 
one half of the 6DJ8, the other plate would 
fall to about 185 volts. This would leave 
the diode back-biased by more than 100 
volts and no signal could reach the trigger 
multivibrator. We don’t believe the diode 
would like it much, either. 

The voltage to which the plate loads of 
the 6DJ8 should be returned is 100 volts. 
Quiescently, then, the plate will sit at about 
80 volts back-biasing the diode by some 5 
volts. A trigger signal can then cause one 
plate to fall to nearly 60 volts allowing up 
to a 10-volt signal to reach the multivibrator 
— or had you already figured this out for 
3 ^ourself ? ! 

In the October, 1964 SERVICE SCOPE, 
a typographical error occurred twice in the 
“Cathode Follower” article. On page 3, 
center column, the sentence “Thus electrons 
are drawn away from Ci, more rapidly than 
they would if Cb were absent”. The first 
Cb in this sentence should read Cp. 

Reading on further (next sentence) “The 
action continues during the pi ate- voltage 
rise of Vi — each increase in plate voltage 
causing a corresponding rise in voltage at 
the tap of Rl so that electrons can be drawn 
rapidly away from Cb”. Here, again, Cb 
should be changed to Cp. This is the capaci- 
tance which we are interested in changing 
terminal voltage on in a short period of time. 
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TEKTRONIX CANADA LTD. ANNOUNCES 



A new uniform F.O.B.-DESTINATION price policy. 



Because we are interested in our cus- 
tomers and the ease with which they 
may do business with us, Tektronix 
Canada Ltd. will absorb the p.o.e. 
(point-of-entry) -to-destination freight 
tariffs on Tektronix instruments pur- 
chased by our Canadian customers. 

Prior to now, instrument prices were 
quoted f.o.b. point of entry (Toronto, 
Montreal or Vancouver) with the cus- 
tomer responsible for the expense of 
delivery from there to his location. 
Thus, the total cost of an instrument 
laid down at the customer’s location 
could be at considerable variance with 
the quoted price. 

The new price policy offers you, the 
customer, several distinct advantages: 

You will find your purchase and 



budget planning problems considerably 
eased in so far as Tektronix instruments 
are concerned. 

You will, with the quoted price, 
know the total cost of obtaining that 
instrument — no longer will you need 
concern yourself with bothersome in- 
surance rates and difficult-to-figure 
freight charges. 

You will be relieved of the necessity 
to initiate and process possible claims 
for instruments damaged in transit. Al- 
though Tektronix has in the past volun- 
teered to assist customers in this regard, 
it has until now remained an irksome 
chore that was primarily the customer’s 
responsibility. Now, should you be un- 
fortunate and receive a Tektronix in- 
strument damaged in shipment you 



need only to notify Tektronix Canada 
Ltd., and the carrier handling the ship- 
ment. Then, hold for their inspection 
the carton and packing material in 
which the instrument was shipped. Tek- 
tronix guarantees delivery of a com- 
pletely satisfactory and damage-free 
instrument. 

In making this announcement we 
have saved the most important news 
until the last. A steadily increasing vol- 
ume of Tektronix instruments shipped 
to Canada now allows us to route our 
freight to Canadian points-of-entry on 
a consolidated basis — and at some 
saving in expense. This saving we are 
passing on to you by making the 
F.0.B‘.-DESTINATI0N price policy 
available without an increase in in- 
strument prices. 
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TEKTRONIX CANADA LTD. 
REPRESENTS 

ROHDE AND SCHWARZ 
IN CANADA 

You can now enjoy for your Rohde 
and Schwarz instruments the same high 
degree of service, assistance and back- 
up support that you expect for your 
Tektronix instruments. On October 1, 
1964 Tektronix Canada Ltd. assumed 
the responsibility for the sales and serv- 
icing of Rohde and Schwarz products 
in Canada. 

Rohde and Schwarz, a West Ger- 
many-based electronic instrument man- 
ufacturer, enjoys an excellent world- 
wide reputation. Typical products are 
signal generators, impedance measuring 
devices, frequency standards, etc. These 



products, which so nicely complement 
the Tektronix line of instruments, will 
allow your Tektronix Canada Ltd. 
Field Representative to more com- 




Melle Zegel 



pletely serve your electronic-instrument 
needs. 

The Tektronix Canada Ltd. policy 
of continuing assistance with any prob- 
lem involving oscilloscopes — selection, 
operation, application, maintenance or 
modification — has been extended to 
include Rohde and Schwarz instru- 
ments. 

Melle Zegel, who recently joined 
Tektronix Canada Ltd., brings with 
him a vast fund of information and a 
comprehensive knowledge of Rohde 
and Schwarz instruments. Melle re- 
cently spent six months at their factory 
in Munich familiarizing himself with 
new instruments and attending their 
service and training school. The benefit 
of Melle’ s information and experience 
is available through your local Tek- 
tronix Field Representative, Please con- 
sult Melle and your Tektronix Field 
Representative whenever there is a 
need. They and Tektronix Canada Ltd. 
welcome every opportunity to assist you. 
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Editor's Notes 

The basic concepts reviezved in this 
article Cipply to all sampling instru- 
ments. The information, hozvever, as 
it is presented here was developed 
; around the calibration of the T ek- 
tronix Type 4S1 Dual-Trace Sam- 
pling Unit. It is directed principally 
toivard those who, zvhen exposed to 
sampling techniques, feel the need for 
a bit more support. By developing a 
fuller understanding of these i-mpor- 
tant features of fundamental conce^m, 
the author hopes to sup ply this sup- 
port and to dispel the needless fear of 
sam-pling that seems to hover in the 
minds of some. 

This article has been prepared for those 
involved in the calibration of the Tektronix 
Sampling Units, with the Type 4S1 Dual- 
Trace Sampling Unit being used as an ex- 
ample. It is intended to dissolve a few or- 
dinary misgivings about approaching the 
unit and to outline an orderly and effective 
method of system diagnosis and treatment. 
You should make an effort to thoroughly 
understand what each adjustment accom- 
plishes. Once you attain this objective, you 
will no longer need to rely on detailed 
instructions to calibrate the instrument. You 
should find it possible to perform all the 
necessary adjustments on a Type 4S1 in a 
very few minutes. Performing all the 
checks that insure the instrument meets 
original specifications may, however, take 
an hour or more. 
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TABLE I 

Excellent performance should not be ex- 
pected from random adjustments. Rather, 
an orderly and systematic approach must be 
taken to restore the Type 4S1 to its proper 
characteristics. Adjustment is neither a dif- 
ficult nor an extremely simple thing to do. 
A few adjustments, because they have an 
effect on several different characteristics 
(all of which we wish to hold within spec- 
ified limits), confound the recalibration. 
The chart (see Table 1) .shows the adjust- 
ments that have an effect on several dif- 



ferent characteristics. Your principal objec- 
tive should be to first diagnose the ills by 
knowing the symptoms, select the most suit- 
able remed\', and then perform the operation 
you have selected. 

Let’s review some basic sampling concepts 
with the intent of learning what characteris- 
tics are changed hy each adjustment witliin 
the sampling “head”. First of all we should 
have a good understanding about sampling 
efficiency which is a measure of signal 
transfer across the bridge diodes sampling 
gate. Consider tlie diagram shown in Figure 
1. Our purpose in ot)ening the sampling 
gate is to permit the sampling capacitance 
(Cl) to “see” the input signal for a small 
period of time, the duration of the sample 
being a limiting factor of system risetime. 
(Instrument risetime can be no faster than 
the length of time the sampling gate is 
open.) We know that it invariabl}^ takes 
some time to fully charge a capacitor be- 
cause the source and current |)ath have 
impedance. Tlie pre-amplifier input capac- 
itance (frequently called tlie sampling capac- 
itance) in the Type 4S1 will charge to 




Figure 1. Schematic of a simplified sampling- 
bridge gate. 
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only about 25% of the difference in voltage 
across the sampling gate in 0.35 nanosec- 
onds. This percentage is referred to as the 
sampling efficiency. 




Figure 2. Waveform of the exponential in- 
crease in the sampling-capacitance charge 
with each successive sample, when very few 
samples/division are taken. 

Since this capacitance will not be dis- 
charged between samples, we would expect 
the charge to increase exponentially with 
each successive sample as shown in Figure 
2. Our system would then reconstruct a 
pulse with severe rolloff even from an infi- 



nitely fast step function if very few samples 
per division were taken. The rolloff would 
become less obvious, of course, if more 
samples per division of horizontal deflection 
were taken. For example, if 10 samples 
were required to fully charge the sampling 
capacitance, the rolloff would be evident for 
1 division at 10 samples per division. But 
with 100 .samples per division the rolloff 
would take place in less than one- tenth of 
a division and would be less apparent. 

But let’s suppose that the oscilloscope op- 
erator should choose to decrease the time 
required to complete a display of low rep- 
rate signals. Fie may do this by reducing 
the number of samples taken per trace 
(fewer samples/div). Since under these 
circumstances a fast rising step function 
may go from zero volts to its maximum 
voltage between samples, we must somehow 
cause the sampling capacitance to become 

c j c i. y /i f> ^ T e s. e-j /toTt i. -r /? i;- 



CThe gate with only one sample. The method 
used here is to amplify the change in volt- 
age on the sampling capacitance and add the 
amplifier voltage to this capacitance be- 
tween samples in such a way that it has a 
voltage equal to the input signal voltage at 
the instant when last sampled. In other 
words, the amplifiers and attenuators in the 
entire loop should cause the sampling capac- 
itance to charge to the level it was expon- 
entially headed for during the preceding 
sample. 

Refer to Figure 3 and assume a one- volt 
step signal applied to the input of this sys- 
tem. The .system we may assume has a 
sampling efficiency of 25%. The sampling 
capacitance would therefore charge to 0.25 
volts on the first sample. Between samples 
we could amplify the charge with an am- 
plifier having a gain of four and feed back 
this one- volt signal level to the sampling- 
capacitance for a period of time that permits 
full transfer of the charge. We then end 
up with the required one volt across the 
sampling capacitance. Now we can change 
the number of samples per division and the 
transient response of the observed waveform 



should remain the same. W e could say, 
then, that our “dot transient response” is 
correct since we have a gain of exactly one 
through the entire loop when referred to 
the input signal, (Remember, though, that 
this required a gain of four when referred 
to the charge on the sampling capacitance.) 




Figure 4. Waveform of overshoot due to the 
product of sampling efficiency and the ampli- 
fied feed-back signal being greater than unity. 



Obviously then, anything that we do within 
the sampling loop that changes either sam- 
pling efficiency or gain within the loop will 
also change dot transient response. In other 
words, dot trartsient response is a function 
of both sampling efficiency and loop gain. 

Suppose that the product of sampling ef- 
ficiency and the amplified feedback signal 
were to equal more than unity. Our pres- 
entation would then appear to have over- 
shoot and/or ringing as shown in Figure 
4, This is just as undesirable as the rolled- 
off presentation shown in Figure 2. 

The four-diode sampling gate performs 
a few functions which require further ex- 
planation. During quiescent conditions the 
gate is closed so that the signal cannot pass 
through. To do this, we back-bias the gate 
with a positive and negative dc voltage of 
approximately two volts. The dynamic 
range of the gate is limited by the magni- 
tude of this hoi doff bias (BRIDGE 
VOLTS) ; a signal greater than two volts 
might overcome the holdoff bias and im- 
properly charge the sampling capacitance. 
A trigger pulse from the timing unit initi- 
ates the generation of the strobe pulse (to 
open the sampling gate) and the memory 
gate pulse (to open the memory gate). The 
amplitude of the narrow strobe pulse must 
be sufficient to rise above the holdoff 
bias for a period of time T, thus forward 
biasing the bridge diode gate as shown in 
Figure 5. An increase of strobe ampli- 
tude will usually cause an increase in sam- 
pling efficiency because the sampling ca- 
pacitance has longer exposure to the in- 
put signal and therefore can charge to a 




Fig. 5. The narrow strobe pulse rises above 
holdoff bias for a period of time “T” to for- 
ward bias the bridge-diode gate. 



higher voltage. Also, a higher strobe am- 
plitude will cause the diodes to exhibit a 
lower impedance during the sampling inter- 
val. The gain required through the am- 
plifiers and feedback attenuators to yield 
a loop gain of unity (correct dot transient 
response) is the reciprocal of sampling ef- 
ficiency, so we would need to reduce loop 
gain to compensate for an increase in 
sampling efficiency if we were to main- 
tain proper dot transient response. Note 
that a reduction of BRIDGE VOLTS 
(keeping strobe amplitude constant) could 
cause a similar change in sampling 
efficiency. 




Figure 3. Tektronix slide-back, feed-back sampling system. 
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A few words are in order concerning the 
generation of strobe pulses. A trigger pulse 
from the 5T1A timing unit causes the nor- 
mally forward-biased snap-off diode to be- 
come reverse biased by a reverse current of 
high and relatively constant amplitude. A 
peculiar characteristic of the snap-off diode 
is that this large reverse current ends very 
abruptly (within a few picoseconds) and the 
snap-off diode becomes a very high imped- 
ance, The reverse current that was flowing 
down the 50-12 shorted transmission (clip) 
line in trying to continue to flow, produces 
a voltage pulse of short duration that over- 
comes the back bias on the sampling gate 
and causes the diodes to conduct. When all 
the bridge diodes are conducting, they repre- 
sent a low impedance path for the input sig- 
nal to get to the input preamplifier. When 
the voltage pulse is reflected (after about 

0.35 nanoseconds) due to current traveling 
in the shorted clip-line, the sampling gate is 
returned to its reverse-bias condition thus 
locking out the input signal once again. The 
combined snap-off diode and clip-line action 
produces a very fast rising and falling pulse 
of a very short controlled duration. Am- 
plitude of reverse current in the clip-line is 
determined by the stored charge in the diode 
which is a function of forward SNAP- 
OFF CURRENT. Reverse current must 
be sufficient in magnitude so that the volt- 
age created while it travels in the 50-12 
clip line is more than enough to overcome 
the holdoff bias on the sampling gate. 

Let's refer again to Figure 3 and review 
some of the primary objectives here which 
are: (1) charge Ci to the amplitude of the 
input signal as much as possible during the 
useable period of the strobe pulse to increase 
sampling efficiency, (2) feed back an am- 
plified version of this signal between sam- 
ples to charge Ci to the full level of the 
input signal, (3) simultaneously charge C- 
to a value proportional to the input signal 
level and permit C- to retain this charge 
long enough for us to observe low rep- rate 
signals. 

The voltage on the Memory Capacitor is 
proportional to the input signal and is used 
to drive the scope’s vertical amplifier. To 
deflect the dot a given distance with a 
larger signal at the input requires attenua- 
tion of the larger signal before it is applied 
to the Memory. In other words, the Memory 
output signal will normally always be pro- 
portional to the deflection it causes. Stray 
capacitance and other factors prohibit using 
a switched attenuator at the input connector 
for reducing the deflection sensitivity. It 
is more feasible to use an attenuator at the 
pre-amplifier output to limit the signal 
coupled to the high gain ac amplifier and 
also prevent overdriving this stage. But 
we must maintain loop gain close to unity. 
This requires a second attenuator in the 
feedback path from the Memory Capacitor 



to the pre-amplifier input capacitance — one 
that will track with the ac amplifier at- 
tenuator, This will increase the feedback 
applied to the sampling capacitance as the 
ac amplifier signal is decreased (as referred 
to the signal applied to the 4S1 input con- 
nector) with’ less sensitive settings. Ri and 
R- make up the second attenuator. (Atten- 
uation is reduced here when it is increased 
between amplifiers witVi both attenuators 
operated by the same control knob). The 
resistor divider ratio of this pair determines 
the basic calibration of the sampling loop. 

Another diode gate precedes the Memory 
stage. When the fast, narrow strobe pulse 
is generated, a relatively wide (250-350 
iianosecond) pulse is also generated to open 
the memory gate. The paramount functions 
of the memory gate circuits are to : ( 1 ) 

control the in-phase feedback to the sam- 
pling capacitance and prevent the memory 
from responding to this regenerative feed- 
back signal, (2) insure maximum coupling 
of the amplified error signal to C-, and (3) 
limit memory capacitor discharge between 
samples. (Leakage of the charge in this 
capacitor causes vertical deflection of the 
dots between samples and is called Memory 
Slash.) It limits the maximum permissible 
time between samples for a useful display. 
This leakage is caused by Memory Am- 
plifier grid current or diode gate leakage. 

A cursory analysis of the system as shown 
in Figure 3 reveals that the following con- 
trols all have a direct effect on dot tran- 
sient response : 

1. Those that control sampling efficiency 

are 

a. SNAP-OFF CURRENT — common to 
both sampling gates 

b. BRIDGE VOLTS — one for each sam- 
pling gate 

2. Those that control loop gain are 

a. AC AMPLIFIER GAIN— one for 
each sampling gate 

b. MEMORY GATE WIDTH— com- 
mon to both memories 

c. SMOOTHING — a front panel control 
for each ac amplifier 

The primary purpose of the SMOOTH- 
ING control is to reduce random noise by 
reducing gain of the ac amplifier. Since 
this is within the feedback loop, it neces- 
sarily follows that dot transient response 
will be effected corresponding to the amount 
of smoothing used, but may not be apparent 
when using lots of samples. 

Y our preparation for recalibration and/ 
or repair should include the following ad- 
ditional presets on the T}^pe 4S1 : 

MV/CM SWITCH 200 
VARIABLE Calibrated 



VERTICAL POSI- Midrange (dot to 12 
TIONING o’clock) 

SMOOTHING Normal ( Max imum 

loop gain) 

DC OFFSET Adjust for zero volts 

±100 mv at the 
DC OFFSET 
MONITOR jack 

With a free -running sweep, both traces 
should be well within the central graticule 
area of a properly adjusted instrument. Se- 
verity of imbalance is often indicated in this 
display and your observations here may help 
in the diagnosis. If the presentation looks 
other than normal, first perform steps 3 
and 4 of the recalibration guide which fol- 
lows this article and then start back with 
step number 1. 

Several methods, each having its own 
merits, may be used to show dot transient 
response error. A most useful method is 
to apply a step- function to the input and 
use a sweep speed that will display no more 
than two or three samples on the leading 
edge of the pulse (low vertical dot density) 
at 100 or more samples per division. Should 
the pulse shape or transient response change 
when switching from 100 to 10 or fewer 
samples, then dot transient response is not 
correct. Quite often in using only 10 sam- 
ples/div an important part of the trace may 
be missing and the overshoot or undershoot 
that appeared with 100 samples/div will not 
be displayed because it occured between 
dots in the presentation. Therefore, when 
operating at few samples/div you may need 
to relocate the dots along different portions 
of the trace or “slide” them back and forth 
to simulate a solid trace by rotating either 
the TIME POSITION or VARIABLE 
TIME/CM control. (The slow sweep speed 
required for low vertical dot density usually 
places the beginning of the pulse towards 
the left edge of the crt. Using the VARI- 
ABLE TIME/CM control is generally more 
desirable for this situation since it moves 
the trace to the right, towards the center 
of the screen.) 

Another method requires a generator of 
the mercury- pul ser variety (Tektronix Type 
109 or Type 110) with a small charge line 
on one side of the switch and no charge line 
on the other side. Here the sampling gate 
is opening on the two inputs alternately. 
The sampling capacitance most of the time 
must alternately charge from the amplitude 
extremes between the voltage at the top of 
the pulse input and the zero volts from the 
other input. Response with each .sample is 
manifested in the display. Proper DTR 
(dot transient response) would give a pres- 
entation that should look like Figure 6a. 
Low loop gain would give a presentation 
that should look like Figure 6b, and exces- 
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(3) Adjust BRIDGE VOLTS on the 
other channel for proper DTR. 

3. Adjust BRIDGE BALANCE on both 
channels so that the trace remains on the 
screen throughout MV/CM settings. 
(DC OFFSET must be zero volts). Be 
sure not to brush the DC OFFSET con- 
trol as 3^011 rotate MV/CM. 

4. Adjust SMOOTHING BALANCE for 
no trace shift while rotating SMOOTH- 
ING — both channels. 



Fig. 6. Waveforms of: (a) correct DTR, (b) low loop gain, (c) excessive loop gain, using a small 
charge line on one side of the switch and none on the other.- 




Figure 7. Waveforms of: (a) correct DTR, (b) low loop gain, (c) excessive loop gain, with the 
5T1A set up for INTERNAL triggering at a sweep speed of about 2 NSEC/CM and using a TU-5 
Polser/ Adapter operated by a 25-kc square wave from a Type 105 Square-Wave Generator to 
drive the Type 4S1. 



sive loop gain would give a presentation 
that should look like Figure 6c. 

Low repetition rates inherent with nier- 
cury-pulsers are sufficiently annoying to 
warrant investigating other ways of obtain- 
ing a similar “twosies” type of display. One 
such way follows, but retjuires dc internal 
triggering: Using a Type 5T1A Timing 

Plug-In Unit set up for -|- INTERNAL 
triggering at a sweep speed of about 2 
NSEC/CM, obtain a normal display of the 
leading edge of a pulse from a Tektronix 
Type TU-5 Pulser operated by a 25 kc 
square wave from the Tektronix Type 105 
Square Wave Generator. Switciiing the 4S1 
triggering switch from ac to dc trigger 
coupling should produce a display similar 
to those shown in Figure 7. Here the trig- 
ger circuit is alternately responding to the 
leading edge and pulse top. Triggering on 
the pulse top occurs because the pulse top 
is still more positive than the THRESH- 
OLD setting after trigger recovery takes 
place making the Type 5T1A ready to trig- 
ger again whenever the THRESHOLD 
level is exceeded. Pulse amplitude after the 
next recovery cycle will l)e below the 
THRESHOLD level which will prevent 
the trigger circuit from responding until 
the next positive excursion through the 
THRESHOLD level setting. The sampling- 
capacitance must therefore charge to the 
pulse amplitude extremes during the first 
few centimeters of display with each suc- 
cessive sample. 

The chart shown in Table 1 is another 
useful tool during recalibration. Use it to 
increase your understanding of the inter- 
action betw^een the various amplifiers and 
controls. 

TYPE 4S1 RECAIJBRATION GUIDE 

Field recalibration is usually a relatively 



simple process if previous calibration set- 
tings have not since been misadj listed. The 
following method may be used to perform 
routine recalibration. This is not a complete 
recalibration procedure, but should serve as 
a useful reference in conjunction with the 
regular recalibration procedure in the in- 
struction manuals. 

1. Adjust MEMORY GATE WIDTH for 
maximum loop gain (i.e., maximum over- 
shoot when observing DTR — dot tran- 
sient response). 

NOTE: Before adjusting SNAP-OFF 

CURRENT or BRIDGE VOLTS, first 
determine which adjustments need to be 
made by application of the following- 
concepts : 

2. Check DTR on both channels. 

a. If the same DTR error exists on both 
channels, adjust SNAP-OFF CUR- 
RENT for correct DTR on both 
channels. 

b. If Channel A DTR is poor and Chan- 
nel B DTR is good, adjust Channel 
A BRIDGE VOLTS for proper 
DTR on Channel A. 

c. If Channel B is poor and Channel A 
is good, adjust Channel B BRIDGE 
VOLTS for proper DTR on Chan- 
nel B. 

d. If both channels exhibit DTR errors 
in opposite directions (one sliowing 
loo much loop gain and the other 
showing in.sufficient loop gain), per- 
form the following steps: 

(1) Adjust BRIDGE VOLTS on 
both channels to maximum clock- 
wise positions. 

(2) Adjust SNAP-OFF CURRENT 
for proper DTR on the channel 
that has the highest loop gain as 
indicated by tlie most overshoot 
when samples/cm is changed. 



5. Apply a known amplitude to B Channel 
and adjust B GAIN ADJUST for prop- 
er deflection. 

6. Apply a known amplitude to A Channel 
and adjust A-B BALANCE (on the 
front panel) for proper deflection. 

7. Adjust INVERTER ZERO on both 
channels for less than 2 mm trace shift 
when switching from NORMAL to IN- 
VERTED (DC OFFSET MUST BE 
ZERO). 

This completes the adjustments for the 
Type 4S1, leaving only a series of checks 
that should be performed to insure that the 
instrument is functioning properly. The 
most important considerations include : 

a. RI SETT ME — less than 0.35 nano- 
seconds computed. 

b. NOISE — less than 1 mv (consider 
90% of the dots). 

c. BASELINE SHIFT— less than 3mv 
base-line shift between 50 cps and 100 
kc rep-rates. (This is a shift of 
the dc reference level or base - line 
with changes of rep- rate. It may come 
from several sources including improp- 
er adjustments, and is usually greatest 
between 90 kc to 100 kc. Scaling drift 
is checked by observing a trace with 
no signal applied and triggering the 
sweep from 10 cps to 100 kc using a 
Type 111 Pulse Generator or 
equivalent.) 

d. MEMORY SLASH— less than 1/2 cm 
vertical trace slash at 10 cps. 

e. OVERSHOOT or UNDER- 
S H O O T — 3 % ma x i m u m . 

f. DOT TRANSIENT RESPONSE— 
correct for both positive and nega- 
tive going signals of less than ± ^^4 v 
in amplitude. 

If risetime is adequate but noise and/or 
scaling drift are excessive, decrease 
BRIDGE VOLTS and readjust SNAP- 
OFF CURRENT for proper dot transient 
response, then repeat steps 2, 3 and 4 above. 
Make sure that BRIDGE VOLTS is at 
least 2 volts above and below ground for 
your final setting. 

NOTE — Refer to your instruction manual 
or recalibralion procedure for other checks 
to be performed. 



4 








TYPE 575 TRANSISTOR CURVE 
TRACER — NOISE ON HORIZON- 
TAL AND VERTICAL ATTENUATOR 
SWITCHES 

Under extreme environmental conditions, 
foreign material can build up on switch 
contacts and cause excessive electrical noise. 
This noise can be particularly objection- 
able. 

The application of a thin film of Cramo- 
lin cleaner and lubricant (Tektronix part 
number 006-197) will solve this problem. 
Usage of Craniolin will result in approxi- 
mately 40 times improvement in reducing 
noise and wear, over a dry switch. 

Craniolin should be applied with a small 
artist-type camel-hair brush. Just a drop 
placed on the brush and then applied to 
the switch contacts and rotor will give good 
results. After application, rotate the switch 
back and forth through its range several 
times. This aids the cleaning and lubrica- 
tion action. Avoid the use of excessive 
amounts of Craniolin. Anything more than 
a thin film will only detract from the neat- 
ness of your work and will neither hasten 
nor aid the cleaning and lubricating action. 

Craniolin may be obtained through your 
local Tektronix Field Engineer, Representa- 
tive, Field Office or Distributor. 

TEKTRONIX INSTRUMENTS WITH 
FORCED-AIR VENTILATION — FAN 
MOTOR SALVAGE 



210-981 ( 1 ) 




Figure 4, Exploded drawing of fan motor, 
part number 147-001. 

Many Tektronix instruments employing 
forced-air ventilation use the same type 
fan motor. Tektronix part number for 
this motor is 147-001. When these motors 
begin to displa}^ signs of wear (normally 



after extended periods of service) they may 
be salvaged to give many more hours of 
use. Indications of wear can be a noisy 
motor, and/or excessive end play of the 
motor shaft. (You should note here that 
a bent or out of balance fan blade can 
vibrate and give the appearance of a noisy 
motor. Check your fan blade before finally 
assessing the cause of noise.) 

The cause of noise or shaft end play in 
a 147-001 motor is wear on the seven 
washers shown in Figure 4. To replace 



the washers shown in 


this exploded draw 


ing you 


will need : 




Qty. 


Part # 




2 each 


210-980 


steel washers 


4 each 


210-982 


berjdlium washers 


1 each 


210-981 


fiber washer 



These parts may be ordered through 
3 'our local Tektronix Field Engineer, Rep- 
resentative, Field Office or Distributor. 

The Mechanical parts list in the Instruc- 
tion Manual for your instrument gives the 
Tektronix part number for the fan motor. 
We remind you, the information given here 
applies only to instruments using fan motors 
part numbered 147-001. 

TYPE 661 SAMPLING OSCILLO- 
SCOPE — DELAYED PULSE MODIFI- 
CATION 

Here is a do-it-yourself modification that 
will protect the Tunnel diode D992 (in the 
Delayed Pulse circuit) from excessive cur- 
rent during the warm-up time of V694 and 
V814. The modification routes the current 
supply through relay K601 until the instru- 
ment is warmed up, at which time normal 
supply current is restored. This modifica- 
tion applies to Type 661 instruments serial 
numbers 101 through 2219. 

The following instructions should aid in 
rewiring the relay : 

IMPORTANT : Use silver-bearing solder 
when soldering to ceramic strips. 

( ) 1. Unsolder from relay K601 : 

( ) white- violet wire 

( ) sleeving- cove red wire 

( ) gray- red- red wire 

( ) 2. Replace the sleeving-covered wire 

with a piece of wire and sleeving 
that is Yz' longer. 



( ) 3. Solder the new sleeving-covered wire 
and the white- violet wire to the ter- 
minals shown in Figure 1. 




Figure 1. Diagram showing solder terminals 

on relay K601. 

( ) Solder the gray-red-red wire to the 
terminal shown in Figure 1. 

( ) 4. Solder a 10" piece of #22 white- 
black wire and a 6" piece of white 
wire to the terminals shown in Figure 
1 . 

( ) 5. Solder the other end of the white- 
black wire to CSH-1 (locate in 
Figure 2). 




Figure 2. Diagram showing layout of ceramic 
strip terminals referred to in Delayed Pulse 
Modification. 

( ) 6. Solder the other end of the white 
wire to CSD-19 (locate in Figure 
2). This completes the modification. 

( ) 7. Check wiring for accuracy and 
change Interconnecting Sockets dia- 




gram in the Type 661 Instruction 
Manual to agree with Figure 3. 




Figure 3. Schematic of K601 relay after per- 
forming Delayed Pulse Modification. 

TYPE 575 TRANSISTOR CURVE 
TRACER— VIEWING FIELD EFFECT 
TRANSISTORS’ CURVES 

Normally, a Type 575 Transistor Curve 
Tracer is limited in displaying a family 
of curves for an FET (field effect tran- 
sistor). When the STEP SELECTOR 
control of the Type 575’s Base Step Gen- 
erator is set to the maximum (200 ma) 
position it will not completely cutoff the 
FET. 

A simple modification is to place a 10 k, 
^ w, 1% precision resistor between the 
base and emitter terminals of the Type 575 



and then set the Base Step Generators 
STEP SELECTOR control to 0.05 ma. 
This gives an IR drop between the gate 
and source terminals of the FET of 0.5 
volts per step. This is sufficient to view 
the complete family of curves from zero 
to cutoff. 

TYPE 530, TYPE 530A, TYPE 540, 
TYPE 540A, TYPE 540B, TYPE 550, 
TYPE 585 AND TYPE 585A OSCILLO- 
SCOPES — EXCESSIVE DELAY BE- 
FORE CRT BEAM COMES ON 

Time-delay relays used in the above os- 
cilloscopes delay their operation for ap- 
proximately 45 seconds after the power 
switch is turned on. This brief delay al- 
lows the tubes to warm up to near their 
operating temperature before the dc oper- 
ating voltages are applied. At the end of 
this delay period the cathode- ray beam 
should appear on the face of the crt. 

A more lengthy delay (two or more 
minutes — or up to 30 minutes in aggravat- 
ed cases) can very often be traced to low 
emission by one or both of the 5642 tubes 
in the crt grid supply and the crt high- 
voltage cathode supply. Or, it may be due 
to low emission in the crt itself. 

To determine if the 5642 tubes are at 
fault, remove the ground strap from the 
crt-cathode connector located on the rear 
panel of the oscilloscope. Patch a cord 
from the calibrator output to the crt-cathode 
connector and feed in 10 volts of calibrator 
signal. With the sweep free running you 
should now see a modulated trace on the 
face of the crt. Advance the calibrator 
control through the 20, 50, and 100 volte 
positions. If the modulated trace remains 
on the crt face the 5642 tubes are most 
probably functioning properly. 



To check for low emission in the crt, 
remove the calibrator signal from the crt- 
cathode connector and reconnect the ground 
strap. Adjust the FOCUS and ASTIG- 
MATISM controls for largest diameter 
spot. With the sweep turned off, adjust 
the INTENSITY control to where the 
de- focused spot on the crt face has a very 
slight halo. Remove the left-hand side panel 
from the oscilloscope. Then, with the tip 
of a magnetized screw driver, touch the 
base of the crt near where it joins the 
glass neck. While moving the tip of the 
screw driver around the available circum- 
ference of the crt base, check for dark 
areas within the de focused spot on the crt 
face. If dark areas are observed the crt 
is suffering from low emission. 

If either the 5642’s or the crt are low 
in emission they should be replaced. 

TYPE CA PLUG-IN UNIT — LACK 
OF DUAL-TRACE DURING WARM 
UP 

Type CA Plug-In Units, serial numbers 
101 through 34790, may exhibit a lack of 
dual trace during the period when the in- 
strument is warming up. The problem is 
caused by V3382. This 6AL5 tube in the 
switching circuitry has its cathodes re- 
turned to the — 150 volt supply through 
a 1.8 meg resistor in the oscilloscope via 
pin 16 of the interconnecting plug. The 
1.8 meg resistor provides a current source 
for the 6AL5 that tends to balance the 
multivibrator plates (V3375) in the CA 
unit; both halves saturate and prevent mul- 
tivibrator action. 

A 330 k, 10%, composition re- 

sistor (Tektronix part number 316-334) 
added between pin 5 of V3382 and +225 
volts will cure the problem. 



NEW FIELD MODIFICATION lOTS 



TYPE 111 PRETRIGGER PULSE GEN- 
ERATORS— PULSE WAVEFORM IM- 
PROVEMENTS 

This modification reduces overshoot, ring- 
ing, and other aberrations in the pulse 
waveform. It also improves the risetime 
of the negative pulse. 

Primarily, the modification consists of 
replacing the Avalanche transistor (Q84) 
and reworking the associated circuitry on 
the etched circuit board. New “transition 
pieces” are used to connect the Charge 
Line and Output Polarity coaxial cables 
to the board. 

Parts Replacement Kit 050-216 is also 
included to replace the OUTPUT PO- 
LARITY switch and Charge Line cable. 

This modification applies to Type 111 
instruments with serial numbers below 800. 
Order through your Tektronix Field En- 
gineer, Field Representative, Field Office 
or Distributor. Specify Tektronix Part 
Number 040-392. 



TYPE 4S2 DUAL-TRACE SAMPLING 
UNITS— TRANSIENT RESPONSE IM- 
PROVEMENTS 

This modification improves the transient 
response and reduces ringing on fast-rise 
signals in the Type 4S2 : 

1. Replacing Gate (bridge) diodes with 
closer-matched and lower- capacitance 
diodes. 

2. Making the sampling bridge compensa- 
tion networks adjustable. 

3. Substituting 200 R resistors for the 
ferrite beads between sampling bridge 
and N u V i sto r grid . 

4. Terminating the strobe pulse lines with 
100 resistors. 

5. Adding grid -bias balancing potentiom- 
eters for each Nuvistor. 

6. Decoupling the —100 and +300 volt- 
ages to the Sampler and Gate- Genera- 
tor circuits. 



This modification applies to Type 4S2 
instruments with serial numbers below 301. 

Order through your local Tektronix Field 
Engineer, Field Representative, Field Of- 
fice or Distributor. Specify Tektronix 
part number 040-379. 

TYPE 53/54C AND TYPE CA DUAL- 
TRACE PLUG-IN UNITS— SLAVE TO 
AUTOMATIC DISPLAY SWITCHING 

This modification allows Channels A and 
B of either Type 53/54C, serial numbers 
3710-up, or Type CA, serial numbers 101 
through 64009, to be slaved to the respec- 
tive sweeps of the Type 547 Oscilloscope, 
when the Type 547 is operated in A ALT 
B mode. The modification does not change 
the operation of the Type 53/54C or Type 
CA when operated in any other instru- 
ment. 

Order through your local Tektronix Field 
Engineer, Field Representative, Field Of- 
fice or Distributor. Specify Tektronix part 
number 040-391. 
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RELAY RACK CRADLE ASSEMBLY 

Three new Field Modification Kits pro- 
vide a rear support cradle for installing 
rack-mounted instruments in a backless 
relay rack by the use of slide-out tracks. 
The slide-out tracks are not included in 
the modification kits and must be ordered 
separately. 

Slide-out tracks allow the instrument 
to be pulled out like a drawer. When 
pulled out, the instrument can be locked 
in one of seven positions : horizontal, or 
45°, 90°, or 105° above and below hori- 
zontal. 

Order through your local Tektronix 
Field Engineer, Field Representative, Field 
Office or Distributor from the following 
information. 

Field Modification Kit, Tektronix part 
number 040-344, applies to the following 
instruments : 

Type 127 serial numbers 309 - up 

Type RM15 serial numbers 101 -up 

Type 526 serial numbers 101 - up 

Type RM561 serial numbers 101 - up 

Type RM561A serial numbers 5000 - up 

Type RM564 serial numbers 100 - up 

Type RM647 serial numbers 100 -up 

Order slide-out track assemblies separate- 
ly, as follows : 



Types 127, RM15, and RM647 1 ea. 351-006 

Types RMS61. RM561A, 

RM564 1 ea. 351-050 

Type 526 1 ea. 351-001 

1 ea. 351-011 

Field Modification Kit, Tektronix part 
number 040-346, applies to the following 
instruments : 

Type RM565 serial numbers 101 - up 

Type RM567 serial numbers 101 - up 

Order slide-out track assemblies, Tek- 
tronix part number 351-055 (1 pr.), sepa- 
rately for these instruments. 

Field Modification Kit, Tektronix part 
number 040-345 applies to the following- 
instruments : 

T>'pe RM16 serial numbers 101 - up 

Type RM17 serial numbers 101 - up 

Order slide-out track assemblies, Tek- 
tronix part number 351-083 (1 pr.), sepa- 
rately for these instruments. 



TYPE 3T77 SAMPLING PLUG-IN 
UNITS, S/N'S 840 TO 1999 — IM- 
PROVED SINE-WAVE TRIGGERING 

This modification imparts a greater stabil- 
ity to the display during triggering on high- 
frequency sine waves. A trigger-circuit 
change allows switching to a lock-on type 
of operation when displaying high-frequency 
sine waves and eliminates display break-up 
caused by drift in recovery time. 

A new push-pull Recovery control re- 
places the old control. 

Pulling the control to the ON position 
synchronizes the circuit on sine waves above 
approximately 30 Me. With the control 
pushed in the instrument triggers on sig- 
nals below 30 Me. Order through your 
local Tektronix Field Engineer, Field Of- 
fice or Representative. Specify Tektronix 
Part Number 040-366. 

SCOPEMOBTLE® CART ADAPTER 

This modification adapts the Type 202, 
Type 202-1, Type 202-2 and Type 204 Scope- 
mobile carts for use with a Type 502 or 
Type 5 02 A Oscilloscope. Two adapter plates 
fasten to the Scopemobile cart and prevent 
the oscilloscope from shifting sideways. 
Order through your local Tektronix Field 
Engineer, Field Office or Representative. 
Specify Tektronix Part Number 040-365. 

TYPE 502 AND TYPE 502A OSCILLO- 
SCOPES— SAWTOOTPI AND +GATE 
OUT 

This modification installs two UHF out- 
put connectors (one for the direct coupled 
Sawtooth and one for the -f Gate Out wave- 
forms) on the rear panel of the Type 502 
or Type 502A Oscilloscopes. The +Gate 
Out waveform is 40 volts and of the same 
duration as the -f-1 50-volt Sawtooth wave- 
form. The waveforms are dc coupled to the 
connector via a dual cathode-follower as- 
sembly which mounts on the Time/CM 
switch bracket. 

Order through your local Tektronix Field 
Engineer, Field Office or Representative. 
Specify Tektronix Part Number 040-312. 

TYPE 502 OSCILLOSCOPE— SILICON 
RECTIFIER 

This modification replaces the selenium 
rectifier (SR642) used in the Type 502 
with silicon rectifiers which offer more re- 
liability and longer life. Order through 
your local Tektronix Field Engineer, Field 
Office or Representative. Specify Tek- 
tronix Part Number 040-383. 



TYPE 108 FAST-RISE MERCURY 
PULSER — SILICON RECTIFIER 

This modification replaces the original 
selenium rectifiers (SR3A,B) with silicon 
rectifiers which offer more reliability and 
longer life. 

The modification is applicable to all Type 
108 Mercury Pulsers. 

Order through your Tektronix Field 
Engineer or local Field Office. Specify 
Tektronix part number 040-388. 

TYPE 527 WAVEFORM MONITOR- 
LINE SELECTOR 

This modification installs a prewired 
Vhdeo Output-Amplifier chassis in the Type 
527 to allow a picture monitor to be con- 
nected directly to the Type 527 and to dis- 
play the signal, being displayed on the Type 
527, on the picture monitor. 

The modification also installs a prewired 
Line-Selector chassis circuit for detailed 
observation of any one TV line in a frame. 
A Field-Shift circuit provides line selection 
from either the odd or the even field. A 
Line-Intensification circuit rapidly identi- 
fies the line being observed and tlie selected 
line is intensified on the picture monitor via 
the Video-Output connector of the Type 
527 Waveform Monitor. 

Order through your local Tektronix Field 
Engineer, Field Office or Representative. 



Specify for: 


Tektronix 


Type 


S/n’s 


Part Number 


527 


151-579 


040-356 


RM527 


151-979 


040-354 


527 


580 and up 


040-359 


RM527 


980 and up 


040-358 
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by Russ Myer 

Tektronix Advertising Dept. 

This article forms a conceptual basis for the ■understandm of Spec- 
trum Analysis, thus preparing the reader for the several advanced zoorks 
available on the subject zvritten on the Engineering level. 



Part I 

WHAT IS A SPECTRUM ANALYZ- 
ER? 

At any given moment, there is an incred- 
ible amount of activity within that portion 
of the Electromagnetic Spectrum tliat we 
call the Radio Frequency Bands. These 
bands range in frequency from about 15 kc 
to 750,000 Me. 

Assume you have a special radio receiver 
capable of tuning over this entire range. At 
the lower end, you’ll find maritime ship-to- 
shore, aircraft point-to-point, high-powered 
government and commercial transoceanic 
signals. Tuning higher in frequency, within 
the familiar 540-to-1600 kc broadcast band, 
dozens of commercial radio stations compete 
for your attention. Above these, you’ll find 
more ship- to- shore, and, confined to rela- 
tively small portions of the spectrum, thou- 
sands of “ham” radio operators pursue their 
electronic endeavors. Also, interspaced 
throughout this short-wave band, you will 
hear mucli air-ground activity, government 
point-to-point, many foreign broadcast sta- 
tions, the Voice of America (and Mos- 
cow!), police radio broadcast .stations, and 
some experimental work. 

Still higher in frequency, you’ll find tele- 
vi.sion stations, starting at 54 Me, FM .sta- 
tions above 88 Me and more television above 
174 Me. Tht area above 400 Me, once con- 
sidered experimental, produces myriad sig- 
nals : microwave, telemetry and others. 



These radio transmissions take various 
electronic configurations, ranging from sin- 
gle-frequency carriers to complex signals 
produced by changing these carriers in am- 
plitude, frequency and phase. 

Regardless of the shape of these signals 
and how they were produced, or “modu- 
lated”, each one can be separated into indivi- 
dual sine waves. Each sine wave represents 
a single frequency. To examine the com- 
position and quality of a signal, you would 
find it very helpful to extract eacli indivi- 
dual sine wave that it contains and display 
it alone on an oscilloscope. Seeing all the 
sine waves in a “group” picture, each stand- 
ing alone, would enable you to analyze the 
complex signal. The instrument that per- 
forms this task for you is called a Spectrum 
Analyzer. 

To use an example of a familiar but 
complex waveform which could be reduced 
to individual sine waves for analysis, con- 
sider an AM. radio station. A broadcast 
transmitter radiates a single carrier fre- 
({uency from its antenna. Intelligence 
(speech, music, tones, etc.) is superimposed 
on this carrier, varying its amplitude at an 
audio rate. Assume the station is transmit- 
ting a 1000-cycle test tone. The carrier fre- 
quency of the station is 1 Me. This carrier 
is combined in the final stage of the trans- 
mitter with the 1000-c}’cle tone. The anten- 
na, however, through the process of “modu- 
lation”, is broadcasting not two, but three 
signals. Viewed on a conventional scope, 



the signal might look like figure la. 




Figure la. Conventional oscilloscope display of 
1000 kc carrier modulated by a lOOOeps tone. 




Electrically, the carrier is still occupying 
the 1-Mc spot in the spectrum. Exactly 
1000 cycles below this frequency, however, 
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at 999 kc, you will find a new signal, called 
the “lower sideband”. 1000 cycles above the 
1-Mc spot, at 1,001 kc, you’ll find another 
signal, identical to the one at 999 kc, called 
the “upper sideband”. The separation is ex- 
actly equal to the modulating frequency — 
the 1000 cycle tone. The Spectrum Analyzer 
is capable of displaying these three fre- 
quencies, individually, on the screen of a 
cathode-ray tube. Thus, the component fre- 
quencies may be individually studied, or 
“analyzed”. Figure lb shows how the Spec- 
trum Analyzer would display them. 

There is nothing 
difficult about the 

b overall operation of 

the analyzer. The sig- 
nals which we will 
use as examples, how- 
ever, must be fol- 
lowed in detail 
through the different 
sections shown in the block diagram. To 

understand the conversion of input signals 
to signals of lower frequencies, you will 
find it helpful to perform the simple arith- 
metical computations dealing with the mixer 
and i.f. (intermediate frequency) sections. 

There are several ways that a signal 
can be broken down into component sine 
waves. One method is to introduce the 

signal to a stack of filters, the inputs of 
which are paralleled. Each filter is tuned, 
in successsion, to a slightly different fre- 
quency than the others. The output of each 
filter will contain only that portion of the 
input which corresponds to the frequency 
it was tuned to. The drawback here is that 
for most complex signals, you would need 
hundreds of filters — a costly mechanical 
burden. Too, it is difficult to design filters 
with narrow bandwidth s to produce good 
resolution between closely-related signal 
components. 

The prism is also a simple spectrum an- 
alyzer. It takes the visible portion of the 
electromagnetic spectrum and breaks it up 
into its component frequencies, each repre- 
senting a familiar color. There are chemi- 
cal analogies, also, such as the chemist’s 
ability to reduce complex compounds into 
their individual ingredients. The Tektronix 
Spectrum Analyzer performs an analysis 
by purely electronic means. 

HETERODYNING 

To continue our discussion of the an- 
alyzer, we will review, briefly, the principle 
of heterodyning. Years ago, Armstrong and 
his colleagues created the “superhet” re- 
ceiver. They discovered that it was possible 
to feed two separate single-frequency sig- 
nals into a non-linear device, usually a vacu- 
um tube, and get fo%ir signals out! Using 
suitable filters, they found that besides the 
two original frequencies, they had a 3rd 



frequency that was equal to the mathemati- 
cal difference of the input signals. Also, 
they found a 4th frequency in the output — 
one equal to the sum of the two original 
signals. They applied this principle to the 
superheterodyne receiver, like one }'ou prob- 
ably have in your home today. The follow- 
ing example illustrates this concept, so 
necessary to the understanding of Spectrum 
AnaEv^ers. 

Tune in a radio station that has, let us 
say, a carrier frequency of 1080 kc. This 
frequency enters the front end of your 
radio and into a “mixer” tube. A local 
oscillator in your set, which follows the 
main tuning, generates a frequency of 1535 
kc. This oscillator frequency also is fed 
into the mixer tube. In the output of this 
tube, as in the days of Armstrong, you 
have the two original frequencies plus the 
two new frequencies mentioned before : 
2615 kc and 455 kc. The latter, 455 kc, 
is the one accepted by the tuned circuits 
of the inter mediate -frequency stages of 
your receiver. 

As we tune across the band, we simulta- 
neously tune the local oscillator to a fre- 
quency exactly 455 kc above the frequency 
of the station tuned in. Thus, a highly- 
efficient i.f. stage can be designed which is 
responsive to a single frequency — the 455- 
kc difference between the local oscillator 
and the frequency present at the front end. 

HOW THE ANALYZER WORKS 

Tektronix Spectrum Analyzers, built as 
plug-in accessories for existing oscillo- 
scopes, cover various frequency ranges. 
Currently, these cover frequencies from 1 
Me to 10.4 Gc (Gigacycles). One of these, 



the Type L-20, will analyze frequencies 
from 10 Me to 4Gc, in 5 bands. We will 
consider the range of frequencies covered 
by band 2 of the Type L-20, roughly 230 
Me to 900 Me. 

Refer to the block 
diagram of the anal- 
yzer. Incoming sig- 
nals are introduced 
directly into the first 
mixer. As in your 
radio receiver, there 
is a local oscillator 
associated with the 
mixer. This oscillator is tuned by the front- 
panel control which also rotates the tuning 
dial indicating the frequency of the incom- 
ing signal. It tunes through a frequency 
range of 440 Me to 1100 Me. The output of 
the mixer is fed into the first i.f. stage. 
This stage is fixed -tuned to 200 Me. 

Therefore, any input signal that will mix 
with the local-oscillator frequency in the 
mixer stage and produce a difference fre- 
quency of 200 Me will pass through the 
1st i.f. For example, when the local oscilla- 
tor (abbreviated L.O.) is tuned to its low- 
est frequency, 440 Me (the main tuning 
dial reading 240 Me), an input signal of 
240 Me will “beat” with this frequency in 
the mixer and produce the desired i.f, out- 
put of 200 Me. Tuning the L.O. to 600 Me 
means that there has to be an input signal 
of 400- Me to produce a 200- Me difference. 
The highest setting of the L.O., 1100 Me, 
allows a signal of 900 Me to produce the 
200-Mc difference and appear in the first 
i.f. You will see that any signal tuned in 
from 240 Me to 1100 Me will produce the 
same 200-Mc difference. 
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The first i.f. is tuned to a center fre- 
quency of 200 Me. The bandwidth of this 
circuit is fixed at 60 Me. Therefore, any 
signals 30 Me above or below the 200 Me 
difference frequency will also pass through 
the i.f. This is important to the operation 
of the Spectrum Analyzer. 



We will now follow 3 input signals 
through the analyzer. Their frequencies 
are: 280 Me, 300 Me, and 320 Me, Assume 
you have set the tuning dial on 300 Me, 
calling it the “Center Frequency”. Actual- 
13 ^, 3 ^ou have tuned the L.O. to 500 Me. 
This produces a 200-Mc difference between 
the L.O. and the 300-Mc center frequency. 
This 200-Mc “beat” frequency falls in the 
middle of the i.f. tuned circuit. The input 
frequency of 280 Me also is beating with 
the established L.O. frequency of 500 Me. 
It produces an output from the mixer stage 
of 220 Me. This falls within the 60 Me 
bandpass of the i.f. stage. The input of 
320- Me also produces a frequency (180 
Me) that falls within the bandpass of the 
i.f. stage. You will see, therefore, that at 
the output of the first i.f. stage, all three 
input signals are present. They have the 
same 20- Me separation but are reduced in 
frequency. Although converted in frequen- 
cy, their relationship to one another has 
not been changed. It is important to realize 
one difference, however: The 180-Mc i.f. 
signal represents the highest- frequency in- 
put signal, 320 Me. The 220-Mc i.f. signal 
represents the lowest-frequency (280 Me) 
input signal. In other words, there is a 
reversal of relative frequency. 



The three signals at the output of the 
first i.f. stage are now fed into a second 
mixer. See block diagram. This mixer is 
also associated with a local oscillator, and 
the output is fed into a 2nd i.f. stage. This 
stage is actually tuned to 59 Me, but to 
siniplif}^ our example, consider that it is 
tuned to 60 Me. The 2nd local oscillator 
is also tuned and covers a frequency range 
of 230 Me to 290 Me. The tuning is ac- 
complished by electronic means, however. 
The oscillator frequency is “swept” through 
this frequency range by the application of 
an external sawdooth. 



The inputs to the 2nd mixer stage al- 
ways exist within the range of 170 Me to 
230 Me. No other signals can get through 
the first i.f. Note that the 2nd local oscilla- 
tor (Swept Local Oscillator — S.L.O.) 
sweeps through a range of 60 Me — the 
band-width of the 1st i.f. Therefore, any 
signal from 170 Me to 230 Me, when com- 
bined with the 230-Mc to 290- Me “sweep” 
of the S.L.O. will produce a 60- Me differ- 
ence frequency. The 2nd i.f. has a relative- 
ly narrow bandwidth and is sensitive only 
to this 60- Me difference. 




To illustrate how a 
swept oscillator pro- 
duces the 60- Me i.f. 
f requency , consider 
the 3 input signals to 
the 2nd mixer stage. 
The S.L.O. begins its 
normal sweep, start- 
ing at 230 Me. To 
produce the desired i.f. frequency of 60 Me 
there would have to be a 170-Mc signal 
present at the 2nd detector input. There 
is none, thus no i.f. frequency is produced. 
The S.L.O. continues its sweep and passes 
through the frequency of 240 Me. This 
mixes with the 180-Mc input and produces 
the 60-Mc i.f. frequency. As it sweeps 
through 260 Me and 280 Me, it mixes with 
the other two inputs and also produces the 
60-Mc i.f. f requeue}'. 



Thus, b}^ using a local oscillator that 
sweeps a certain range of frequencies, in- 
put signals to the mixer can be made to 
enter the 2nd i.f. stage one by one, separat- 
ed in time. This is the important thing to 
remember about the operation of the an- 
alyser. 



Skipping the 3rd mixer and i.f. for a 
moment, assume you have fed the output of 
the 2nd i.f. into a detector. As the signals 
appear one by one at the output of the 2nd 
i.f., they are rectified, giving positive pulses 
which will cause vertical deflection on 
the face of a crt. In our typical spectrum 
analyzer, the sawtooth that causes the 
the S.L.O. to sweep through its frequency 
range is the same one that drives the hori- 
zontal circuits of the oscilloscope in which 
it is used. Thus, }x>u will observe the three 
input signals on the crt, with the horizontal 
axis representing frequency. Stud}' the 
following example, referring to Fig. 2. 




Figure 2. Crt display of output of 2nd i.f. 
(detected). Each cm = 6 Me. Note that fre- 
quency is read from right to left on Spectrum 
Analyzer displays. 

The crt spot begins its sweep at the 0 
centimeter mark at the left-hand side of the 
graticule. The S.L.O., in step with the crt 
spot, is now at the low-end of its frequen- 



cy range, or 230 Me. No output is ob- 
served, as discussed above; the spot is not 
deflected vertically. The S.L.O. sweeps 
through a range of 60 Me. Thus, a com- 
plete sweep of the horizontal represents 
60 Me also, and each major graticule line 
represents 6 Me (assuming a nonnal 10-cm 
scan, of course). When the beam reaches 
a point 1.4 cm from the left-hand side, the 
S.L.O. is sweeping through 240 Me. This 
produces an output corresponding to the 
180-Mc input signal and the crt beam is 
deflected vertically. The beam then passes 
through the 5 -cm mark at which time the 
S.L.O. passes through its mid- range, or 
260 Me. At this time, the crt beam is 
deflected again, indicating the 200-Mc in- 
put signal on the crt. Likewise, the 220-Mc 
signal is displayed at the 8. 6- cm graticule 
line. The sweep is repetitive in normal 
operation and the result is a display similar 
to Figure 2. Note that the highest-f requen- 
cy signal appears on the left-hand side. 
Frequency is read from right to left. 




The previous 
example con- 
sidered the S.- 
L.O sweeping 
through a 60- 
Mc range. This 
affords a “look” 
at a 60-Mc piece of the electromagnetic 

spectrum. The S.L.O. was set at maximum 
dispersion (range of frequencies swept by 
'S.L.O.). The portion of the spectrum un- 
der analysis can also be narrowed. This 

is accomplished by decreasing the disper- 
sion. If we set the dispersion at 20 Me, 
the S.L.O. will sweep from 250 Me to 270 
Me. Note that its center frequency is still 
260 Me, as before. Figure 3 shows the 
display obtained on the simplified spectrum 
analyzer, using this dispersion. 



When the S.L.O. begins its sweep at the 
dispersion setting of 250 Me, the 180-Mc 
signal at the input of the 2nd mixer is 
heterodyned to a frequency of 70 Me. This 
falls outside of the bandpass of the 2nd 




Figure 3. Dispersion, or bandwidth, set at 20 
Me. Each cm 2 Me. 
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i.f., which is tuned to 60 Me. The 200-Mc 
signal produces a 50-Mc difference and is 
not accepted by the 2nd i.f., either. The 
220-Mc signal produces an even lower 
beat ; 30 Me, which is well outside the 
bandpass of the i.f. As the S.L.O. passes 
through 260 Me, the 200-Mc signal from 
the 1st i.f. produces the 60-Mc beat signal 
which is accepted by the 2nd i.f. The 
S.L.O. sweeps to 270 Me and the same 
arithmetic proves that no other signal is 
displayed. Thus, of the original three sig- 
nals, only one is displayed. The other 
two fall outside the area “scanned" by the 
S.L.O. In effect, we have narrowed the 
“window", through wliich we observe a 
portion of the spectrum, in order to take 
a closer look at it. (A good analogy would 
be a zoom movie camera that closes in on 
a subject.) As the dispersion of the S.L.O. 
is narrowed to sweep a smaller range of 
frequencies, we “close in" on the center 
portion of the output of the first i.f. As 
the observed portion still fills the entire 
horizontal sweep of the oscilloscope, the 
signal is spread out more. This gives bet- 
ter resolution in the case of closely-associ- 
ated sine waves. 

Figure 4 represents a display with the 
dispersion set at 10 Me. Note that an up- 
per and a lower side-band are beginning 
to emerge. Although at first we could not 
see them, these sidebands were associated 
with the 200-Mc signal all along. With a 
wide dispersion, the re.solution was so poor, 
they all blended together. The following 
circuitry of the analyzer can spread, or 
resolve, these signals even more. 

A front-panel vernier labeled “Center 
Frequency", controls a dc voltage to the 
S.L.O. This provides a slight shift of the 
S.L.O. center frequency. This is useful 




Figure 4. Dispersion set at 1 0 Me, Note emer- 
gence of sidebands. 

for lining up the display with a desired 
graticule line for subsequent mea.surement. 

Because of the wide range of possible 
input voltages, a 1 to 51-db attenuator net- 
work is inserted between tlie 2nd mixer 
and the second i.f. In addition, the second 
i.f. also has a “Variable Gain" control 
on the front-panel. 

A THIRD I.F. IS ADDED 

The output of tlie 60-Mc 2nd i.f. is still 
too broad for resolution of closely -associ- 
ated signals. So we convert a 3rd time ! 
A 3rd L.O., operating at a fixed frequency 
of 65 Me, beats in the 3rd mixer with the 
60-Mc output and produces an i.f. frequency 
of 5 Me. This signal is fed into the 3rd 
i.f. which is fixed-tuned to 5 Me, This 
i.f. has variable bandwidth and can be 
changed from 1 kc to 100 kc. Therefore, 
we can vary the resolution by changing the 



actual bandwidth of the i.f. stage. The 
output of the 3rd i.f. is fed to the detector. 

THE DETECTOR CIRCUIT 

All signals appearing at the input of the 
detector circuit are both positive and nega- 
tive. We liave no need to display the en- 
tire signal because one-half of it would 
simply mirror the other. So the signals 
are detected, or rectified, and passed on to 
a video amplifier. 

The detector circuit provides three dif- 
ferent outputs: LINEAR, LOARITH- 

MIC, AND SQUARE-LAW. We’ll con- 
sider each in turn. 

Tlie LINEAR output increases propor- 

tionally as the input increases. In other 
words, if an input voltage to the detector 
causes a ert deflection of 4 cm, doubling 
the input will cause a ert deflection of 8 cm. 

The LOGARITH- 
MIC output reflects a 
decrease in the gain 
of the detector circuit 
as the input is in- 
creased. This has the 
effect of compressing 
the larger input sig- 
nals and increasing 
the dynamic range of the detector input. 
The output is proportional to the log of 
the input signal to the detector. The ert 
vertical deflection increases as the square 
root of the input voltage. Tliis is equal 
to the db gain of the display. Increasing 
the input amplitude by a factor of 4 only 
doubles the height of the vertical display. 

(Part 2, which concludes this article, zvill 
appear in the forthcoming June, 1965 issue 
of SERVICE SCOPE.) ' 




immomx PARi-^uumEmmo system expanded 



We, at Tektronix, Inc., recently expand- 
ed our part-numbering system from six to 
nine-digit numbers. Several factors neces- 
sitated this change. One factor given major 
consideration was our desire to give ever 
more effective support to our customers. 
The expanded part-numbering system will 
work to that end. 

What we’ve done is merely to expand the 
existing part number. The change won’t 
require much getting used to on the part 
of the customer. (For example, parts cate- 
gories will remain as they are.) 

If a customer’s original purchase order 
used six-digit numbers, here’s how he can 
check his parts against the new numbering 
system : 



Here is the familiar Tektronix part num- 
ber as our customers know it : 

524-268 

All we’ve done is move the description 
digits (the three digits following the hy- 
phen) one place to the right: 

524- 268 

Drop in a zero : 

524-0 268 

and add a two-digit suffix: 

524-0 268-00 

That’s all there is to it. 



This method will work for all Tektronix 
six-digit part numbers except those few 
having an alphabetical suffix — 154-058A 
for example. For help in converting these 
to the new nine-digit part numbers, please 
consult your local Tektronix Field Office, 
Field Engineer or Representative. 

During the transition period to our new 
system, the numbers on the parts customers 
receive may not jibe with those on the in- 
voice we send. When this happens, by just 
applying the above simple steps in reverse 
the customer will find it was the .same old 
part number all the time. 

We hope this information helps. In the 
meantime, we appreciate our customers’ co- 
operation and thank them for their patience 
while we make this necessary change. 
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SILICONE GREASE FOR TRANSIS- 
TOR HEAT-SINK USE 

The need for the use of silicone grease 
in mounting heat- sin ked transistors is ap- 
parently not well known. 

The maximum power which may be dis- 
sipated in a transistor is limited by its 
junction temperature, Ti. An important fac- 
tor in determining junction temperature is 
the ability to conduct heat away from it. 
There are several “thermal resistances” to 
be considered in series with heat transfer 
from junction to ambient air.* Figure 1 




Ftgure 1. Electrical analog of heat path in a 
heat-sinked transistor. Bj,. = Thermal resistance 
of junction to case bond. (Controlled by manu- 
facturing process only.) ©cs ™ Thermal resis- 
tance of mounting. (Silicone grease can improve 
surface contact between transistor and mounting 
surface.) Bsa ~ Thermal resistance of “heat 
sink" or mounting base. (Usually a designed 
in factor after other elements have been 
optimized.) 

shows an electrical analogy of tliese sep- 
arate “resistances”. One of these is 

the thermal resistance from case to heat 
sink and is influenced by the method of 
mounting. If a mica insulating washer is 
used dry, the junction temperature rise 
per watt of power dissipated is about 1.0° C 
due to B^,,, alone. This is mainly due to 
irregularities in the surface resulting in 
dead air spaces which do not readily trans- 
fer heat. See Figure 2. One way to over- 



Figure 2. How a magnified cross-section view 
of the surface might look. 

come this difficulty is to fill the dead 
air spaces with a substance superior to 
dead air in thermal conduction. Nearly 
anything is better than dead air, but silicone 



grease has the advantage of being a good 
electrical insulator while readily conducting 
heat. The use of ordinary silicone grease 
(like Dow-Corning DC-4) can reduce the 
above mentioned 1.0° C rise per watt of 
power to about half, and some of the new 
types of grease bearing metallic oxides 
claim reductions to the area of 0.1°C/w. 
As an example, this would mean a differ- 
ence of 22.5° C in the junction tempera- 
ture of a power transistor dissipating 25 
watts. 

Of the mail}' readily available silicone 
dielectric compounds, we recommend Dow 
Corning Type 4 or Type 5 Silicone Com- 
pound for heat -sink use in current Tek- 
tronix instruments. Tliese types of sili- 
cone grease we know will meet the thermal 
conductivity requirements and temperature 
range requirements of our “environmental” 
instruments. 

As previously mentioned, there are some 
other tj’pes of silicone greases containing 
metallic oxides which increase thermal con- 
ductivity. However, we haven’t fully test- 
ed the special metal oxide-bearing “Silicone 
Heat Sink Compounds” so we are not sure 
that they will meet our environmental tem- 
perature range requirements. This is, the 

A CORRECTION 

In the article “Some Basic Sampling Con- 
cepts Reviewed” which appeared in the 
February, 1965 issue of SERVICE 
SCOPE, one line is missing. 

On page two at the bottom of column 
one, the line “ . . . fully charged to the 
error voltage across ...” should be added. 
Properly corrected the sentence, which be- 
gins five lines up from the bottom and in 
the center of the column, should read : 
“Since under these circumstances a fast 
rising step function may go from zero volts 
to its maximum voltage between samples, 
we must .somehow cause the sampling ca- 
pacitance to become fully charged to the 
error voltage across the gate with one 
sample”. 

The type was set cor recti but somehow 
in the mechanics of production this line 
was lost in the shuffle. 

Our sincere apologies to the author and 
our readers for this omission from an 
otherwise excellent article. 

The Editor. 



ability to retain the desired fluid consistency 
from the lowest (storage) to the highest 
temperature range that any of our instru- 
ments are specified to operate over; and, 
the range of temperatures that could occur 
at the point in the instrument where the 
grease is used. 

A i)ractical general rule is to use silicone 
grease wlicnevcr replacing any heat -sink - 
mounted transistor. Apph^ a thin film of 

silicone grease between the transistor case 
and tlie lieat sink. The error, if any, in 

the amount used should be on the generous 
side. (The excess that squeezes out when 
the mounting bolts are tightened can be 

neatly wiped off.) 

If a mica or other type electricalh^-in- 
sulating washer is used between the transis- 
tor and heat sink, apply a thin film of 

grease to both sides of the insulating w^a sli- 
er as well. 

In some cases (such as the Type 547 Os- 
cilloscope Vertical- Amplifier output tran- 
sistors), the transistor is electricalh' insu- 
lated from the chassis b>' a wliite beryllium 
oxide disk. If you remove the heat-sink 
disk, you should also apply silicone grease 
where the disk contacts the chassis. 

The Dow Corning Type 4 Silicone Com- 
pound is available in 2 oz. and 8 oz. tubes 
through electrical and electronic supply 
houses. 

*For a more complete analysis of thermal 
characteristics, see “MOTOROLA POW- 
ER TRANSISTOR HANDBOOK”, copy- 
right 1961. 

C12, C13, C19 and C27 TRACE-RECORD- 
ING CAMERAS— CLEANING AGENT 
FOR FOCUS PLATE 

Any of tlie liquid dishwashing detergents 
(Joy, Vel, Lux, Swan, etc.) performs ef- 
fectively as a cleaning agent for the focus- 
plate assembly supplied with these cameras. 
Used in fairl}' concentrated form, these 
readily- avail able detergents will easily re- 
move oily residues as well as ordinary dust 
and dirt. 

As a rule of thumb, you should avoid 
most all organic solvents such as Fotocal, 
Socal, flux remover, t rich lor, etc. These 
agents will attack either the Plexiglass 
plate or the si Ik- screening. One which you 
can use without harm, however, is DuPont 
Freon TF. This is available locally from 
your chemical supply house. 
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TYPE 262 PROGRAMMER — RESIS- 
TOR KITS 

The Type 262 Programmer Instruction 
manual, on page 2-8, tells how to place 
the No-Go Limits on a program card by 
soldering resistors to the NO-GO LIMITS 
terminals. On this same page Table 2-1 
lists the required resistor values and the 
corresponding numbers. 

The resistor values listed are available 
in a kit. Each kit contains a total of 176 
resistors. These are 14 w, 1%, precision 
(Std Mil-Bel) resistors in the following 
quantities and values: 



Quantity 


Value 


N't! m her 


36 


887 12 


0 


25 


1.58 k 


1 


20 


2.26 k 


2 


20 


3.01 k 


3 


10 


3.83 k 


4 


25 


4.64 k 


5 


10 


5.49 k 


6 


10 


6.34 k 


7 


10 


7.15 k 


8 


10 


8.06 k 


9 



These kits are available through your 
Tektronix Field Engineer, Representative, 
local Field Office or Distributor. Ask 
for Tektronix part number 016-0056-00. 



TYPE 3T77 SAMPLING SWEEP UNIT 
AND TYPE 3S76 DUAL-TRACE SAM- 
PLING UNIT — TRIGGER-TO-VERTI- 
CAL KICKBACK 

Sometimes, when a Type 3S76 Dual- 
Trace Sampling Unit is set to trigger in- 
ternally from either A or B Channel, a cer- 
tain amount of sweep gating voltage from 
the Type 3T77 Sampling Sweep Unit gets 
coupled into the vertical channel. 

This voltage will appear on the displayed 
waveform. You can detect the aberrations 
with the sweep free running at 5 nanosec- 
onds per division and sensitivity set at 2mv 
per division. Their amplitude is affected by 
what might be connected to the input and 
is least with no signal applied. 

An additional decoupling capacitor placed 
between the base of Q14 (the trigger input 
isolator in the Type 3T77) and ground will 
usually reduce the amplitude of the aberra- 
tions to a negligible amount. We recom- 



mend a 500 pf capacitor (Tektronix part 
number 283-0025-00). Solder the capacitor 
in place without leads (if possible) right at 
the point where the base lead of Q14 tran- 
sistor socket emerges from the socket. A 
word of caution here. Too long leads on 
the capacitor or a sloppy soldering job will 
aggravate rather than relieve the difficulty. 
Perform your work carefully, neatly and 
with a critical eye. 

BEER-CAN OPENER WEARS TWO 
HATS — The so-called “church key” type 
beer- can opener makes a handy tool for 
removing the large copper- clad staples used 
to close and secure the cartons in which 
Tektronix instruments are shipped. A care- 
lessly used pliers or screw-driver employed 
to remove these staples can eject them with 
sufficient force to endanger the eyes or 
appearance of surrounding personnel. The 
bottle-top opening end of the ubiquitous 
beer-can opener works almost as well as a 
commercial staple-removing tool It elimi- 
nates the hazard of flying staples and — the 
price recommends it. Our thanks to Rick 
Le P"orgc, Field Engineer with our Van 
Nuys Field Office, for passing on this in- 
formation. 



NEW FIELD MODIFICATION KITS 



TYPE 5T1 TIMING UNITS — TIME- 
EXPANDER AND GENERAL IM- 
PROVEMENTS 

This modification improves the perform- 
ance and versatility of the Type STl, s/n's 
101 through 996, to nearly correspond with 
that of the Type 5T1A. The modification 
adds to the SAMPLES/CM switch a ‘1000’ 
position for greater display resolution ; and, 
a TIMED slow-scan position for use with 
a Y-T recorder. A new front-panel, screw- 
driver adjusted potentiometer adjusts tlie 
TIMED scan speed between tlie limits of 
5 to 8 sec/cm (approx.). 

The modification adds a TIME-EX- 
PANDER control wdiich provides XI, XIO, 
X20, X50 and XlOO sw-eep ‘magnification’ 
but does not affect the number of samples 
per centimeter. 

A TIME-POSITION control replaces 
the old TIME-DELAY control. This new^ 
control supplies a variable time- del ay for 
positioning the signal display wdien the 
TIME-EXPANDP:R switch is in the XI 
position. In the expanded positions, the 
TIME-POSITION control moves the time 
‘window’ anyw'here within the original range 
displayed in the XI position of the TIME- 
EXPANDER switch. 

A new Fast -Ramp board with improved 
linearity for the Fast- Ramp waveform re- 
places the original Fast -Ramp board. 



Order through your local Tektronix Field 
Engineer, Field Representative, Field Of- 
fice or Distributor. Specify Tektronix part 
number 040-03 1 1 -00. 

TYPE 5T1 AND TYPE 5T1A TIMING 
UNITS — IMPROVED SINE- WAVE 
TRIGGERING 

By providing a high-frequency mode of 
operation, this modification reduces jitter 
and improves stability W'hen triggering on 
higli-frequency sine waves. The operating- 
procedure for the instrument is not altered. 
To synchronize on high frequencies, the 
THRP2SHOLD control is simply advanced 
into the free- running portion of its range. 
Both positive and negative trigger circuits 
are modified for improved performance. 

This modification applies to Type 5T1 
Units, s/n’s 101 through 996 and Type 
5TLA Units, s/n’s 997 through 2089. Order 
through your local Tektronix Field Engi- 
neer, Field Representative, Field Office or 
Distributor, Specify Tektronix part num- 
ber 040-0390-00. 

TYPE 2A61 DIFFERENTIAL PLUG-IN 
UNIT — INCREASED DYNAMIC 
RANGE 

This modification replaces C437, a 13000 
/if ca])acitor, and its protective diodes, 
D437 and D438, with a larger non-polarized 
capacitor. It also adds tube shields to V484 
and V"584 to prevent negative feedback 
caused by capacitor- tube coupling. The net 



result is an increase in the range of the 
Type 2A61’s dynamic “window” from ±90 
mv to better than ± 300 mv. The improve- 
ment is in the 0.01, MV/D IV through the 
0. 5 - M V /D 1 V a t tenuato r i)os i t ion s. 

(Please note: The increased value of C437 
increases the time constant of the circuit 
to a dc input.) 

This modification is applicable to Type 
2A61 Units, s/n’s 100 through 986. Order 
through your local Tektronix Field Engi- 
neer, Field Representative, Field Office or 
Distributor. Specify Tektronix part number 
040-0361-00. 

TYPE 2A61 DIFFERENTIAL PLUG-IN 
UNITS— NOISE AND DRIFT REDUC- 
TION 

This modification minimizes drift and re- 
duces low’- frequency noise and microphonics 
when the plug-in is irsed in the differential 
mode. 

By replacing the floating preamplifier 
chassis with one that utilizes nuvistors in 
special, heat -stabilizing shields, and chang- 
ing the circuitry to permit greater stability 
of the DIFF BAL control, tlie modification 
accomplishes its purpose. 

This modification applies to Type 2A61 
Units, s/n’s 100 tli rough 986. Order through 
your local Tektronix Field Engineer, Field 
Representative, Field Office or Distributor. 
Specify Tektronix part number 040-0397-00. 
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TORONTO TRAFFIC CONTROL 
SYSTEM 

USES TEKTRONIX OSCILLOSCOPE 

At the new Traffic-Control Center in 
Toronto, Canada, a Tektronix Oscilloscope 
aids the engineer in preventive maintenance. 
This new automatic traffic-control installa- 
ation uses thousands of printed circuit cards 
in the UNI VAC 1107 Thin-Film Memory 
Computer. 

In the larger photo on this page, an engi- 
neer ob-serves waveform displays on a Tek- 
tronix Oscilloscope. The waveforms are 
from a printed circuit board undergoing- 
tests in the card analyzer shown to the 
left of the o.scilloscope. This is a preven- 
tive maintenance test accomplished quickly 
and reliably with a card analyzer and Tek- 
tronix Oscilloscope. The tests give the en- 
gineer added assurance of computer pro- 
ficiency in daily work of traffic simula- 
tion and analysis. 

The smaller photo, taken at City Hall 
in Toronto, .shows the UN I VAC 1107 Com- 
puter (left), the speciaI-purpo.se Traffic 
Control Computer (center), and the card 
analyzer featured in the larger photo 
(right). Here the engineer is checking 
the console of the control computer which 
accumulates data at high speeds from traf- 
fic-detector sensors in metropolitan Toron- 
to's new traffic-control system. 

The computer-based system, which was 
designed by the UNI VAC Division of 
Sperry Rand Cori)oration, continously and 
automatically analyzes movement of vehicles 
within a controlled area of intersections. It 
will, sometime in 1965, control traffic flow 
at over 1000 intersections. 

GRATICULE SWITCHING 
A PROBLEM? 

TRY THIS 

Mr, Edward G. Morgis, Maintenance 
supervisor at Trans Canada Telemeter, of- 
fers a suggestion that will interest o.scillo- 
scope irsers who must interchangeably use 
graticules scribed as regular rasters and in 
Percentage of Modulation. 

Mr. Morgis uses a 6 x 10-cm graticule 
(Tektronix part number 331-0037-00) and 
a TV graticule (Tektronix part number 
331-0009-00) sandwiched in between the 
green filter and the bezel. He positions the 
two graticule lights so that one lights the 
front graticule, the other the rear graticule. 

He replaces the scale-illumination poten- 
tiometer with a 75-ohm wire-wound poten- 
tiometer. By^ electrically placing the poten- 
tiometer between the two graticule lights 
with the center tap connected to 6.3 volts, 
the control acts like a “fader”. Full rota- 



tion to either end of the control will illu- 
minate one graticule leaving the other in- 
visible. 

Naturally, illumination of either graticule 
by only one light will not afford as even 
a raster as using both. Also, some increase 
in parallax will be apparent when using 
the front graticule. But if your work re- 
quires you to change graticules often, these 
negative features may be a minor considera- 
tion compared to the convenience Mr. 
Morgis' modification affords. 

USED INSTRUMENTS FOR SALE 

The University of Alberta Hospital in 
Edmonton, Alberta offers the following 
instruments for sale : 

1 — Type 551 Oscilloscope, s/n 002951 
1 — Type CA Plug-In Unit, s/n 026921 
1 — Type Q Plug-In Unit, sn 00525 
Equipment is in very good condition. Con- 
tact : Mr, R. M. Allen, Asst. Purchasing 
Agent. Telephone: 439-5911. 



TO OUR READERS 

Do you have an item of local origin or 
interest that you would like to see in Serv- 
ice Scope? If you have send the informa- 
tion to Mr. E. C. von Clemm, General Man- 
ager, Tektronix Canada Ltd., 5050 Sorel 
Street, Room 12, Montreal 9, Quebec. 

Items, in general, should relate to oscil- 
loscopes and associated instruments. Ways 
and means that you have found helpful in 
using and maintaining your instruments may 
aid someone else to do a better job. Unique 
applications are often interesting, also. 

We can not guarantee that all items re- 
ceived will be used in Service Scope. We 
can assure that all items will be thought- 
fully considered and those that we feel 
have a broad appeal will be used. The de- 
cision as to which articles meet these objec- 
tives must be the re.sponsibility and peroga- 
tive of the editor. 
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GETTING ACQUAINTED WITH 
SPECTRUM ANALYZERS 



by Russ Myer 

Tektronix Advertising Dept. 

This is the second and concliiding half of an article intended- to form a 
conceptual basis for the iinder standing of Spectrum Analysis. The first half 
of the article appeared in the April, 1965 issue of SERVICE SCOPE. 



Editors Note: 

Part 1 of this article, presented the 
author's thoughts on Spectrum Analysis 
to as far as the detector circuit of a 
spectrum analyzer. Part 1 concluded with 
a short exi)lanation of two of tlie de- 
tector circuit's three outputs— the linear 
output and the logarithmic output. 

Plere in the June, 1965 issue of SERV- 
ICE SCOPE, Part 2 begins with a brief 
review of decibels. This is intended to 
give the reader a better understanding 
of the logarithmic output. 

We suggest that a refresher reading 
of Part 1 before continuing on to Part 
2 will allow the reader to more readily 
associate himself with the author's 
thoughts presented here in the second 
half of the article. 

Part II 

DECIBELS 

To give you a better understanding of 
the logarithmic output, let’s briefly review 
decibels. 

A decibel is one-tenth of a bel. A bel 
is the same thing as a power of ten. Thus : 
50 db is equal to 5 bels. This is the same 
as 10 to the 5th power, or 10^ 

If we increase the power level of a sig- 
nal by 60 db, we increase it 10*'' times — a 
gain of 1,000,000. Increasing a one-watt 
sigiial by 60 db increases it to one million 
watts ! 



Remember that db merely expresses the 
difference between two power levels. By 
itself, it means nothing, nor does it rep- 
resent any actual quantity of power. If 
the example above were 1 micro-watt, a 60 
db gain would bring the power up to 1 
watt. So the same 60 db expressed a dif- 
ference of almost 1 million watts in the 
first example and only 1 watt in the sec- 
ond \ 

Gains of whole bels, 1, 2, 3, etc. . . . 
can easily be calculated in the head. 1 
bel (10 db), for example, means a power 
gain of 10’, or ten. 2 bels, (20 db), means 
a power gain of 10^ or one hundred. And 
so on. 




Figure 5. Fractional Exponent Multipliers. 



Unfortunately, gain is not always ex- 
pressed in even numl:)ers of l)els. What 
about a gain of 33 db? This is a gain of 
3.3 bels, or lO'* ’’. , Reviewing math, this 
means 10^ times 10'*. 10** is easy: 1000. 

What about 10 **? For this, you'll have to 
refer to the table of fractional exponents. 
See Fig. 5. From the table, you’ll see that 
0.3 corresponds to 2. So 10**, or 1000, is 
multiplied by 2. A 33 db gain, therefore, 
is equal to a gain of two thousand. 

Assume that an am- 
plifier has an input 
of 200 milliwatts. The 
gain is 33 db. The 
output, in watts, 
would be 400 watts. 

(0.2 X 10** **) 

Db’s are also used 
to express a loss. We 
can still consider, in the case of our ex- 
ample, that the difference between two 
signals is 33 db, but as we now desire to 
express a loss in power, the figure of 2000 
must be divided into 1 to obtain its recip- 
rocal. In this second case, our initial power 
of 200 milliwatts must be multiplied not 
by 2000, but 1 divided by 2000, or 0.0005. 
This reduces our 200 milliwatts to 100 mi- 
crowatts. 

To express a difference in voltage levels, 
more commonly used in oscilloscope work, 
the number of bels used as ex])onents, is 
divided by 2. Example : a voltage gain of 
44 db gives an exponent of 10‘k Dividing 
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the exponent by 2 gives a new number : 
lO"’". This is lO'xlO", or 100x1.6, or 
160. Increasing any voltage level (RMS) 
by a factor of 160 produces an increase 
in power of about 25,000 times. This is 
proved by the relationship EVR(160'). 

The power formula, P = EVR indicates 
that power increases as the square of the 
voltage (resistance remaining the same, of 
course). The oscilloscope is a voltage-op- 
erated device ; therefore, increasing a ver- 
tical signal by a factor of 2 requires a sig- 
nal 4 times the power of the original. 

So much for decibels. Let us return now 
to the detector circuit and its 3rd or 
SQUARE-LAW output. 

To expand vertical signals, the analyzer’s 
detector is operated in the SQUARE-LAW 
mode. In this manner, the output voltage 
is the square of the input voltage. Doubling 
the input causes the output to increase four 
times. Tripling the input causes the out- 
put to increase 9-foId ! 

The advantage of this circuit can easily 
be seen. Input signals of nearly the same 
amplitude are expanded and can be meas- 
ured more accurately on the crt. Also, 
the crt now measures relative input pozver. 
Doubling the input power doubles the ver- 
tical deflection. Thus, the square-law mode 
causes the output to behave exactly the 
opposite of the logarithmic mode. 

THE VIDEO AMPLIFIER 

The detector circuit is followed by the 
Video Amplifier. Signals are fed into the 
amplifier and applied, push-pull, to the crt 
vertical -deflect ion plates. To increase the 
versatility of the spectrum analyzer, video 
signals can be fed directly into the ampli- 
fier, by- passing the i.f. and detector por- 
tions of the instrument. This allows an os- 
cilloscope display of ordinary time -based 
signals. 

IMAGES AND OTHER SPURIOUS 
SIGNALS 

Until now, 
we have as- 
sumed that only 
the signals ap- 
pearing in the 
area of the cen- 
ter frequency 
are presented on the crt display. Unfor- 
tunately, this is not always the case. Other 
signals also sneak through the analyzer 
and are displayed. 

Assume you have set the tuning dial at 
300 Me to observe a signal of that fre- 
quency on the crt. Since 300 Me is the 
center- frequency signal, it will appear at 
the center graticule line. Assume further 
that along with the 300-Mc input, another 
signal with a frequency of 700 Me is pres- 
ent at the input. 



Since the first L.O. operates 200 Me 
higlier than tlie desired input signal, it will 
be oscillating at 500 Me. This frequency 
beats with the 300-Mc input to produce 
the 200- Me difference which is allowed 
to pass through the 1st i.f. 

But . . . . the difference between the 
'500-Mc L.O. and the 700-Mc input is also 
200 Me ! So, it too is introduced into the 
1st i.f. and, as 3 ’ou would expect, appears 
on the crt — exactly super- imposed on the 
300-Mc signal at the center graticule line. 
Now, set the dial slightly to either side of 
the 300-Mc center frequency. This causes 
the signals to move from the center grati- 
cule area. However, each signal goes in 
the opposite direction ! ! A little arithmetic 
will prove why. 

Moving the L.O. to 530 Me, for example, 
(tuning dial reading 330 Me, of course) 
produces a beat of 230 Me for the desired 
input signal of 300 Me. As the output of 
the 2nd i.f. is swept through its range 
of 170 Me to 230 Me, it’s obvious that the 
true signal now will appear on the extreme 
right of the crt. The L.O. frequency of 
530 Me also beats with the 700-Mc input 
and produces a difference frequency, or 
beat frequency, of 170 Me. This causes it 
to appear to the extreme left of the crt. 

This illustrates an important rule: Tun- 
ing the L.O. (main tuning dial) to a higher 
frequency causes the true signal to move to 
the right of the crt ; unwanted signals move 
to the left. These undesired responses are 
called “images,” or “spurious” responses. 

As signals above and below the center 
frequency of the 1st L.O. can produce beat 
frequencies, either of the two could be 
called the “true” signal, depending upon 
how we labeled the tuning dial. We simply 
choose to call signals below the frequency 
of the L.O. true responses and all signals 
above it, the image signals. The i.f., of 
course, doesn’t know the difference. 

Another type of spurious response that 
shows up on the crt is caused by input 
signals that fall within the bandpass of the 
first i.f Any input signal falling within 
the range of 170 Me to 230 Me will be dis- 
played. This is called i.f. feedthrough. 
This type of spurious signal is the easiest 
to identify. Moving the tuning dial either 
direction does not shift the display on the 
crt. This is because the 1st L.O. does not 
beat with any input signal to produce the 
response. 

Figure 6 shows two unknown signals on 
the crt of the scope. Note their i)ositions 
on the graticule. The dispersion is set at 
50 Me. Thus, each graticule line represents 
5 Me. First attending to signal A, move 
it to the center graticule line. This will 
determine the center frequency of the sig- 
nal as read on the tuning dial. Assume that 





Figure 6. Display after shifting image to center 
of graticule. This illustrates how two signals, 
separated by 390 Me, show up only 1 0 Me 
apart on the crt. 

it was necessary to tune the dial higher in 
frequency. The signal moved higher in 
frequency, also (towards the left). This 
identifies signal A as a spurious, or image, 
response. Reading the tuning dial gives us 
a figure of 205 Me. We know the L.O. 
is operating 200 Me above the tuning-dial 
reading, so it must be oscillating at 405 
Me. The image, therefore, is 200 Me above 
that, or 605 Me ! 

Signal B was moved to the right (down 
in frequency) to be located at the center 
graticule line. The tuning dial would now 
read 215 Me, which is the frequency of the 
true input signal. 



HARMONIC SPURII 




When the opera- 
tion of the Spectrum 
Analyzer is consid- 
ered, remember that 
any complex wave- 
form is the algebraic 
sum of a number of 
pure sine waves. The 
analyzer permits the 



display of these individual sine waves on 



an oscilloscope. The horizontal sweep rep- 



resents some continuous frequency range. 



Any sine wave passed through a non- 
linear device, such as a tube or a transistor, 
will be accompained in the output by a new 
set of frequencies called harmonics. These 
frequencies will be exact multiples of the 
original, but of decreasing amplitude. The 
second harmonic, for example, of a 200- Me 
signal, is 400 Me ; the 3rd, 600 Me, etc. 



Here is where we can get into trouble 
with our typical spectrum analyzer. Orig- 
inally, we spoke of all the signals present 
at the output of the first mixer : the orig- 
inal L.O. frequency, the original input sig- 
nal, the sum of the two, and the difference, 
which was the one selected for i.f. am- 
plification. We also learned that any signal 
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170- Ale to 230- Me higher than the L.O. 
frequeney would also produce a beat that 
fell within the bandpass of the first i.f. 
And, finally, there was i.f. feedthrough. 

But, unfortunately, there are other spurii 
which can show up on the ert screen. 

The mixer will produce harmonics of 
its two input signals, (original signal and 
L.O.) which are present in the output. Har- 
monics of the L.O. are of particular interest 
to us now. For example, assume the L.O. 
could be set at 300 Me to show a 100-Mc in- 
put signal on the crt. The second harmonic 
of the L.O. is 600 Me. If there were a 400- 
Mc signal of equal strength at the input 
of the analyzer, it, too, would produce a 
200-Mc difference and be displayed on the 
crt! Because of the decreased amplitude of 
the harmonic, however, the crt presentation 
would be less than that of a true- response 
presentation. (Bear in mind, however, that 
the 400-Mc signal could have a signal 
strength several times that of the true sig- 
nal and show up as a larger amplitude pre- 
sentation than the true one). 

Also, an 800-Mc signal, if present at the 
input, would beat with the 2nd harmonic of 
the L.O. and produce the 200-Mc i.f. differ- 
ence signal. Likewise, the 3rd harmonic of 
the L.O. — 900 Me — could beat with a 
700-Mc input, or a 1, 100-Mc input and pro- 
duce the 200-Mc i.f. frequency! 

Fortunately, these harmonic-caused spurii 
can be easily recognized. Increasing the 
L.O. frequency by 100 Me, for example, in- 
creases the 2nd harmonic b\^ 200 Me, and 
the 3rd by 300 Me. Thus, harmonic spurii 
move across the screen faster than true 
response or images. 

Assume inputs of 700, 400 and 100 Me. 
The L.O. is set at 300 Me to displa 3 ^ the 
100-Mc signal at the center of the crt. The 
dispersion is set at 10 Me, each centimeter 
representing 1 Me on the crt. At the center 
of the crt, onl^^ one signal is observed. Ac- 
tually, three signals are present — the true 
signal which is L.O. minus the input fre- 
quency of 100 Me, 2 X L.O. minus the input 
frequency of 400 Me and 3 x L.O. minus the 
input frequeiicy of 700 Me. All these differ- 
ences are exactly 200 Me I See Figure 7. 

Tuning the L.O. up 1 Me in frequency 
will shift the true signal, 100-Mc, exactly 
1 division to the right (remember that tun- 
ing higher in frequency shifts true signals 
towards the minus- frequency or right hand 
side of the crt). The 1-Mc shift upward 
caused the 2nd harmonic to increase 2 Me, 
and this moved the 400-Mc input tzvo divi- 
sions to the right! The 3rd harmonic in- 
creased by 3 Me, and the 700-Mc signal ap- 
peared three divisions to the right of center. 
Assuming inputs of equal signal strength, 
the 2nd harmonic signal would be less than 
the amplitude of the true response and the 
3rd harmonic signal amplitude would be 




Figure 7. Display showing effects of moving 
tuning dial up 1 Me to recognize and separate 
spurii from true response. 

less than the second. Observe that, unlike 
images, moving the L.O. up in frequency 
causes these harmonic spurii to move in 
the same direction as true responses. 

MARKER OSCILLATOR 

A feature of the spectrum analyzer is the 
Marker Oscillator. It generates a 200-Mc 
signal which is fed into the 1st i.f. of the 
analyzer. You can use it to determine rela- 
tive frequency or frequency difference of 
signals observed on the crt. 

You’ll remember that the center f requeue}^ 
of the 1st i.f. is 200 Me. The marker fre- 
quency of 200 Me is injected into the i.f. 
and will exist at the center of the bandpass 
of the i.f. You can say, therefore, that the 
200-Mc marker indicates the center fre- 
quency of the i.f. and is displa 3 red at the 
center graticule line of the crt. The marker 
appears as a spike, or “pip”» much like the 
time marks used to calibrate oscilloscopes. 



A front-panel control, the “Frequency- 
Difference Control,” allows the marker to 
be tuned to either side of its 200-Mc mid- 
range, usuall>^ plus or minus 30 Me (170 Me 
to 230 Me). Figure 8 gives an example of 
the use of the marker. 




Figure 8. Dispersion is 50 Me. Each cm =: 
5 Me. Marker reads frequency difference. 



First, line up the marker “pip” and the 
signal at “A”. The control reads — 20 Me. 
Aloving the marker over to signal “B” and 
lining them up, the control reads +20 Me. 
The frequency difference is 40 Me and that 
is the frequency difference between signals 
“A” and “B”. Assume the main- tuning dial 
is tuned to 1,000 Me. The dispersion is set 
at 50 Ale. Each graticule mark now repre- 
sents 5 Me. No signal appears at the center 
graticule line, which represents the center 
frequency. Therefore, no input at 1000 Me 
is present at the input of the analyzer. How- 
ever, there is a signal 4 graticule lines to 
the left of the center one. This signal is 
20 Ale less than the 200-Mc center fre- 
quency, or 180 Me, and corresponds to an 
original input of 1 ,020 Me. The signal on 
the right, “B”, is 20 Me greater than 200 
Me and is produced by an input of 980 Me. 
Remember to read frequency from right to 
left! 



As we have seen previousl}^ spurious in- 
puts will also produce similar signals on the 
crt. An input of 1,380 Me will produce a 
signal similar to “A” and an input of 1,420 
Me will produce one similar to “B”. Note 
that in the case of these and any images, 
frequenc}^ is read from left to right, in the 
normal fashion. You can, of course, identi- 
fy true signals by shifting the main-tuning 
dial and observing which way the signals 
move on the crt. 




■"L- 1 



The marker- 
oscillator out- 
put can be fre- 
Jjf quency - modu- 

quencies are 
available on this t>'pical analyzer : 1 Me and 
100 kc. When modulated, the 200-Mc mark- 
er signal now becomes a complex waveform 
which the analyzer will break down into 
individual sine- wave components (which is 
what our analyzer does to all complex wave- 
forms!). These are displayed on the crt as 
pips, spaced equally apart. These pips ex- 
tend to the right and left of the marker 
center- frequency displa>^ed on the crt. The 
separation between the pips is equal to the 
modulating f requeue}^ that caused them. In 
other words, with a dispersion of 10 Me and 
the marker set on 200 Me, a modulating fre- 
quency of 1 Me will create a “pip” at each 
graticule line. These pips are called the 
** picket fences 



VERTICAL AMPLITUDE MEASURE- 
MENTS 

Look at the graphical view of the band- 
width of the 1st i.f. (Figure 9). The cen- 
ter frequency is 200 Me. The bandwidth 
limits are 170 Me to 230 Me and is ex- 
pressed in db variation, usually ±3db. The 
figure shows that the flat portion of the 
curve can vary between minus 3 db and 
plus 3 db. This is a 6-db variation 1 Per- 
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Figure 9. Bandwidth of 1st i.f., reproduced on 
crt by sweeping constant input signal over 60 
Me range. Note that despite constant input, 
there is a 6 db variation between 1 70 Me and 
230 Me. 

haps at the 170-Mc point, the response is 
-|-3 (lb. At the 230-Mc point, it could be 
— 3 db. A single, constant-input signal, 
swept from 170 to 230 Me, will pixxluce an 
output to the detector that varies between 
-|-3 (11) and — 3 db. Ohviousl}% this same 
signal viewed on the crt would assume a 
vaiw'ing vertical deflection at different 
points along tiie horizontal axis altliough 
the input had not changed at all. There- 
fore, it is important that all measurements 
using the Spectrum Analyzer l)e made with 
the signal under measuremciit lined up at 
tlie center graticule line. Thus, a constant 
output from the detector is assured. 

To measure relative differences in am- 
plitude of signals displayed on the crt, wc 
use the calibrated attenuator of the an- 
alyzer. 



.Assume you )!a\^c a crt disf>la}f of two 
signals of different amplitudes. The de- 
tector is in the linear mode. The largest 
signal is reduced, with the attenuator, to 
the original amplitude of the second sig- 
nal. The difference is noted on the attenu- 
ator. This is the relative difference. For 
signals of greatly different amplitude, the 
log mode of detection may he used. If the 
in[)ut signals w'Cre nearly the .same ampli- 
tude, the S(iuare-law detection mode could 
he used. 

This discussion has presented the over- 
all operation of a typical Tektronix Si)ec- 
trum Analyzer, Although the company’s 
product line features several different mod- 
els covering other portions of the electro- 
magnetic spectrum, some of which oper- 
ate a little differently than explained here, 
they all do one basic thing. Tbc\' break 
down complex waveforms and displa\' them 
on an oscilloscope as individual sine waves 
on a freciuency time base. 

The End 
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'Py^PE L-20 PLUG -IN -UNIT SPEC- 
TR IJM A NA L YZER—A P PLICA TIONS 
ABOVE ITS SPECIEIED FREQUEN- 
CY RANGE 

The Type L-20 Spectrum .Analyzer’s 
specified upper freciuency is 4 Gc. A^ou 
can, however, use the instrument for appli- 
cations up to 12 Kmc, at reduced sensitivi- 
ties, A^ou will need to compute the dial 
setting for any input fre((uency from a 
knowledge of the local oscillator frc(|uency ; 
and, you can compute the local oscillator 
freciuency from the dial setting on Band 2 
(fundamental operation) using this ec(ua- 
tion : 



Frr + 200 
n 



= Fa + 200 



Where 

F,-f = Input signal rf freciuency 
200 = IF Frc(|uency 

n = harmonic number of local oscillator, 
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for Frf between 4 Kmc and 12 Kmc 
is 5 to 11 (for Type L-20) 

Fd ~ Band 2 dial settings 

Sensitivities are estimated — we make no 
production measurements, nor do zve guar- 
antee performance in this frequency range. 
Engineering tests do, however, indicate that 
the Type L-20 exceeds the estimated sensi- 
tivities in most cases. 

NOTE: You should always operate at the 
lowest harmonic possible so as to achieve 
best sensitivity. Also, on Chart 1 below, 
those numbers to the right and below the 
mid-chart line do not appear on the dial 
of the Type L-20 Spectrum Analyzer. 
Those numbers above and to the left of 
the mid-chart line do appear on the dial at 
a low order of harmonic. 

TYPE 545B AND TYPE RM545B 
OSCILLOSCOPES — IMPROVED VER- 
TICAL AMPLIFIER HP RESPONSE 

You can improve the high frequency 
response of the Type 545B (s/n’s 101-1079) 
and the Type RM545B (s/n’s 101-219) 
Oscilloscopes by replacing C551, a fixed 
7.5 pf capacitor, with a 5-25 pf variable 
capacitor (Tektronix part number 281-0075- 
00). C551 is located on the lower Vertical 
Amplifier chassis. You will need to re- 
arrange the components on the ceramic 
strips to accommodate the larger replacement 
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Figure 1. “Before” and “After” sketch showing 
the placement of components on the ceramic 
strips when making the modification to improve 
the vertical amplifier high frequency response 
in the Type 545B and Type RM545B Oscillo- 
scopes. 

capacitor. Figure 1 shows a “BEFORE’' 
and “AFTER” sketch of tliis modification. 

Remove C551 from the ceramic strips, 
located on the lower Vertical Amplifier, 
just above the two T A 1938 transistors Q513 
and Q523. Follow the BEFORE and 
AFTER drawings and rewire the ceramic 



strips to accommodate the new C555 capaci- 
tor. Refer to 3 'Our Instruction AlaniiaFs Cali- 
bration section and recheck the Vertical 
Adjustment, adding C551 to the procedure 
as necessary. Don’t neglect to change the 
parts list and schematic values in your In- 
struction Manual to agree with the new 
capacitor. 

TYPE 2B67 TIME-BASE UNIT- 
RASTER 



R138 

8.2K lOOK 




+300 V 




-300V 

Vertical Blanking Mod for 561/67/67 



Figure 2. Partial schematic and sketch of com- 
ponent placement on the involved ceramic strips 
when making the vertical blanking modification 
to the Type 2B67 Time-Base Unit. 

When two Type 2B67 Time- Base Units 
are used for raster applications in a Type 
561 A or Type 564 Oscilloscopes the left- 
hand unit will not blank the vertical retrace. 
.A. slight modification to the two Type 
2B67’s will allow the left-hand 2B67 to 
blank the vertical retrace. Figure 2 shows 
the circuit modification in schematic form. 
With this circuit, if either time base says 
“off” the beam turns off. That way it’s 
off during each retrace of the horizontal 
and off durijig vertical retrace, too. This 
circuit works well with moderately slow 
sweeps. It zvill not work at very fast 
sweeps; there just isn’t enough current in 
the Type 2B67 system to pull these plates 
around very? rapidly?. 

There are four steps involved in the 
modification and here they are: 

1. On the bottom ceramic strip of each 
of the two 2B67’s, remove the white- 



grey lead from the end of R138 (8.2 k) 
resistor and move it two notches to 
the rear. 

2. Connect a 100 k, IS \v resistor (Tek- 
tronix part number 302-0104-00) be- 
tween the 8.2 k resistor (R138) and 
the white- grey wire moved in Step 1. 

3. Shunt the 100 k resistor installed in 
Step 2 with a 6061 diode (Tektronix 
part number 152-0061-00). Connect 
the cathode end of the diode to the 
junction of the 8.2 k and 100 k resistors. 

4. On the Ty^pe 561 A (or Type 564) 
Oscilloscope, run a lead from pin 13 of 
tlie right-liand interconnecting socket 
to pin 13 of the left-hand interconnect- 
ing socket. 

That’s all there is to it. 



TYPE 545B AND TYPE RM545B 
OSCILLOSCOPES — ELIMINATING 
TIME-BASE ^B^ TRIGGER JITTER 

In some of these instruments, trigger 
jitter may be apparent when Time-Base 
‘B’ is triggered with the MODE switch in 
the — EXT position. Should this be objec- 
tionable, replacing R92, a 22 k, 1 w, 5% 
resistor, with a 20 k, 1 w, 5% resistor, 
(Tektronix part number 303-0203-00) will 
eliminate the jitter. 

R92 is located on the 'B' sweep chassis 
between the center two ceramic strips, with 
one end connected to L424, a 225 /th in- 
ductor, which is directly over V424, a 6AU6 
tube. Be sure to note the changed value 
for R92 in your Instruction Manual’s part 
list and schematic when you make this 
modification. 

TYPE Q TRANSDUCER er STRAIN 
GAGE PLUG-IN UNIT — POSSIBLE 
TEMPERA PURE /GAIN PROBLEM 

Some Type Q Units within the serial 
number range of 101 through 1629 will 
exhibit a temperature/gain problem. The 
problem manifests itself as a change in 
gain with a change in temperature and is 
most likely? to occur during warm up of the 
Q Unit. It can result in a significant 
measurement error. Two 0.02 /if discaps in 
the amplifier cause tlie instability. Replacing 
these with 0.022 /if, 200 v, PTM capacitors 
(Tektronix part number 285-0566-00) will 
assure stable operation during and after 
warm up. 

With the Q unit turned upside down on 
the bench and the front panel facing y?ou, 
C5724 and C5755 are located on the four- 
notch ceramic strips directly behind the 
front panel and under the /i STRAIN/D IV. 
switch. 

.After making this modification, correct 
the parts list and schematic in your Type 
Q Unit Instruction Manual to agree with 
the work you have done. 
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TYPE 519 OSCILLOSCOPE ~ POS- 
SIBLE SHORT DAMAGE IN HV 
SUPPLY 

Accidentally grounding the HV supply of 
the Type 519 Oscilloscope (s/n’s below 
560) may cause C841, an O.Ol/if-SOOv 
capacitor, to short. This short will, in turn, 
damage V'800, the 6AU5 oscillator tube in 
the HV circuit. 

Replacing C841 with a capacitor having 
a higher voltage rating will protect against 
this dartiage. The replacement should be an 
0.01 fxi, 1 kv capacitor (Tektronix part num- 
ber 283-0013-00). C841 is located in the 
HV supply between pin 7 of V814 (a 
12AU7 error-signal-amplifier tube) and 
ground — consult the CRT CIRCUIT sche- 
matic in your Type 519 manual. Be sure to 
note the changed value for C841 in the 
schematic and parts list of your manual. 

TYPE 519 OSCILLOSCOPE — RE- 
PLACEMENT CAPACITOR COVER 

Installation of a new type capacitor cover 
on C655 will offer more protection against 
arcing of this capacitor in the Type 519 
Oscilloscope. C655 is a 2x 1000 /if, 450 v, 
EMF capacitor in the 6.3-v crt-heater cir- 
cuit of the Type Sl9’s power supply. Under 
the proper atmospheric conditions and at 
4000 foot elevations, pins 16, 17 and 26 of 
T601 and the can of C655 may arc to 
ground. Should this occur, the two dioodes, 
D655 and D656 may be destroyed and 601 



damaged. Normal age deterioration of the 
original capacitor cover will enhance the 
possibilities of this arcing. 

The new capacitor cover (Tektronix part 
number 200-0293-00) is molded of a recently 
available plastic, highly resistant to age de- 
terioration and with very effective insulat- 
ing abilities. 

TYPE 160A POWER SUPPLY — EX- 
CESSIVE RIPPLE ON -\-225-SUPPLY 

Under conditions of high -load demand at 
the output and a low-line supply at its power 
source the Type 160A Power Supply (s/n’s 
101 through 9049) may exhibit ripple on 
the +225- V supply that exceeds specifica- 
tions. Changing R33 from a 1 meg to a 1.5 
meg Yz w, 10% resistor will assure that 
ripple on the +225 -v supply remains within 
specifications. R33 is located on the T}^pe 
160 A chassis between pin 5 of V33 (a 
6AU6 tube) and pin 2 of V35 (a 6080 
tube). Tektronix part number for the 1.5 
meg resistor is 302-0155-00. After you make 
the replacement, note the changed value for 
R33 in the parts list and on the schematic 
of your Type 160A’s Instruction Manual. 

REPRINTS AVAILABLE 

Reprints of two articles written by Tek- 
tronix personnel and which appeared in 
technical magazines recently are available. 

The March, 1965 issue of"^THE MICRO- 
WAVE JOURNAL contained an article on 



spectrum analyzers. Title of the article is 
“Oscilloscope Plug-In Spectrum Analyzers”. 
Three Tektronix design engineers, Arnold 
Frisch, Project Manager, and Larry Weiss 
and Morris Engelson, Design Engineers 
with the Spectrum Analyzer group in our 
Instrument Engineering Department, collab- 
orated to produce this article. It deals pri- 
marily with the plug-in type of spectrum 
analyzers designed for use with the Tek- 
tronix Type 530, 540, 550 and 580 Oscillo- 
scopes. 

Following a brief rundown on the prin- 
ciples of a spectrum analyzer’s performance, 
the article explains how the plug-in analyzer 
uses to advantage certain oscilloscope char- 
acteristics ; such as, the calibrated sweep, the 
expanded sweep, intensity modulation and 
(as in the case of the Type 555 Oscillo- 
scope) dual beam presentation. 

The January, 1965 issue of ELECTRO- 
TECHNOLOGY carried an article on 
sampling oscilloscopes entitled “Nanosecond 
Measurements with a Sampling Oscillo- 
scope”. The author is H. Allen Zimmerman, 
Project Engineer with the Tektronix, Inc. 
Instrument Design Department, This article 
describes the sampling process and discusses 
the usefulness and versatility of a sampling 
oscilloscope. 

Reprints of either or both of these articles 
can be obtained from your local Tektronix 
Field Office, Field Engineer, Field Repre- 
sentative or Distributor. 




A NEW TELEVISION 
WAVEFORM MONITOR 
THE TEKTRONIX TYPE RM529 

The Tektronix Type RM529 is a new 
television waveform monitor with capabili- 
ties for precise measurement of Vertical 
Interval Test Signals (VIT). 

VI T signals have been in use in Europe 
and Canada for the past ten 3 -ears. Their 
use on the North American continent was 
pioneered by the Canadian Broadcasting- 
Corporation. The United States government 
authorized the use of VIT signals in that 
country as far back as 1956. They have, 
1 10 w ever, only recently come into common 
use there. 

The Type RM529 is designed for use 
with the 525/50 line scanning rate used in 
tiie United States and here in Canada. This 
instrument can be obtained (on special 
order) with minor modifications to the 
sweep and vertical amplifiers that adapt it to 
other systems currently in use, including 
405/50, 819/50 or high-re.solution closed 
circuit systems. Tektronix, Inc. also pro- 
duces a television waveform monitor, the 
T>'pe RM529 MOD 158E, that is designed 
specifically for the CCIR system. This 
instrument is of interest, primarily to tele- 



vision authorities, engineers and technicians 
in areas other than the Nortli American 
continent. 

The wide bandwidth of the Type RM529 — 
flat to 8 MHz — assures excellent waveform 
fidelity and makes the instrument idealU' 
suited for sine-squared testing. 

A new liighly efficient 12.7 cm alumini- 
zed mono -accelerator crt operating at an 
increased accelerating potential, ■ assures 
brighter waveform displays in line- selector 
operation. Viewing area is 7 x 10 cm. 



The electrical design of the instruments 
incorporates the best of both solid state and 
vacuum tube circuitry, thus assuring extra 
high reliability and longer component life. 
Except for the two power transistors all 45 
transistors are socket mounted to enhance 
serviceability. The two power transistors are 
bolted to the heat sink on the rear panel of 
the instrument. Vacuum tubes (there are 
onh' seven in the instrument) have been 
used in but a few circuits, and then, only 
when they offered superior performance or 
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better reliability over presently available 
semiconductor devices. Total power consump- 
tion is only 80 watts and this low power 
consumption precludes the need for a fan. 
The result is cleaner operation and complete 
freedom from mechanical noise. 

The design of the Type RM529 is com- 
pact. The instrument fits in a standard 19” 
rack and requires only of vertical rack 
space. It is designed for mounting with tlie 
Conrac picture monitor, or other commer- 
cial picture monitors in a standard console 
or relay rack installation. 

A positive field selector is incorporated 
in the Type RM529 and is ideal for monitor- 
ing VI T signals. 

A video signal is composed of frames 
(complete pictures) .occurring at a 30 Hz 
rate. Each frame is divided into two fields 
— Field One and Field Two. Each field 
contains 262 3^^ lines, making up a complete 
frame of 525 horizontal lines. The two 
fields interlace; that is, Field One lines oc- 
cur between those of Field Two. Close in- 
spection shows that a full line of video 
precedes Field One; while only noe-half line 
of video precedes Field Two. These two 
identifying features occur immediately be- 
fore the vertical blanking pulse which pre- 
cedes the field in question. (See Figure 1, 




Figure 1 . shows the differences between Field 
One and Field Two. (Double exposure 
photograph) 



point a and b.) Careful inspection of the 
vertical -blanking pulse reveals another dif- 
ference betw'een Field One and Field Two — 
a difference in the time relationship between 
the last equalizing pulse and the first hori- 
zontal-sync pulse. (See Figure 1, points c 
and d.) This difference enables electronic 
circuits to identify individual fields. 

A prime feature of the Type RM529 is 
the ability to distinguish between Field One 
and Field Two. Through the use of ap- 
propriate delay circuitry to interrogate the 
vertical blanking interval, the Type RM529 
can generate a trigger which positively 
locks the Field Trigger Generator to Field 
One or to Field Two. Hence, triggers 
initiating a sweep at the start of either Field 
One or Field Two can be selected with a 
front -pan el switch. After a noise transient 



or temporary loss of video, this circuit zvill 
ahvays return to the proper field. 

By introducing a delay between these trig- 
gers and the start of the sawtooth, any line 
of the TV raster can be inspected indi- 
vidually. Horizontal magnification allows 
more detailed inspection of the signal on 
the line selected. 

Bright waveform displays are another 
important feature of the Type RM529. A 
single line displayed at a frame rate is in- 
herently dim. The Line Selector circuitry 
in the Type RM529 furnishes a brightening 
pulse to the crt grid (ac-coupled) . This 
feature makes it unnecessary for the opera- 
tor to re-adjust the intensity control in line- 
selector operation. It also limits the normal 
intensity range, thus preventing accidental 
burning of the crt phosphor ; particularly in 
the event of sweep circuit failure. The net 
result is waveforms — exceptionally bright 
and sharp — that are clearly viewed or photo- 
graphed. 

The Type RM529 has four vertical -amp- 
lifier-response positions: high pass, low pass, 
IEEE and fiat. 

The high -pass or chroma position is often 
used to remove low-frequency components 
from the staircase. With these removed, 
amplitude of the 3.58 MHz modulation is 
more easil}^ measured and differential gain 
determined. Adequate reserve gain exists to 
expand the subcarrier signal for accurate 
measurements. 

The low-pass position is used to attenuate 
the high-frequency bursts on the multiburst 
signal when making axis-shift measurements. 
It will limit the 0.5 MHz-modulation to ap- 
proximately 20% of the original amplitude. 
Modulation is scarcely detectable on the 2- 
MHz portion of the burst and negligible at 
the higher frequencies. (This response posi- 
tion is also useful when it is necessary to 
observe a waveform in the presence of 
extreme amounts of white noise.) 

The IEEE position is the standard re- 
sponse designated by the broadcast industry 
in Canada and the U.S.A. for making ampli- 
tude measurements. It removes the chromi- 
nance signal from video containing color in- 




Figure 2. 2T Signal. Multiple exposure. Left: 
2T. Center: T. Right: y 2 l Sine^. 



formation, and eliminates high frequency 
noise which is often present. 

The flat response position is usually used 
when making measurements with multiburst 
and sine" pulses. It will not significantly 
attenuate a T pulse and it provides good re- 
production of the 50 nsec Yz T pulse, see 
Figure 2. This position is also useful for 
making signal -to -noise- ratio measurements 
because it readily passes all white noise 
present in the system. A calibrated 14 db 
increase in sensitivity over the 1.0 v full- 
scale calibrated sensitivity is provided for 
such purposes. 

DC RESTORATION 

A dc restorer on-off switch is incorporat- 
ed in the Type RM529 to facilitate its use 
as a modulation monitor. In normal use, the 
dc restorer serves the function of clamping 
the video signal to a reference level so that 
it will not change position with varying 
average voltage level (brightness). The dc 
restorer normally clamps to the back porch 
of the video signal. Black level is usually 
set to 7.5 IEEE units above the back porch, 
and the white level to 100 units. The bottom 
of the sync tip is normally set to — 40 IEEE 
units. Studio signals are usuall}^ measured 
at the 1 V level and 1 v equals 140 IEEE 
\inits in normal signal. 

When the dc restorer is turned off, the 
input capacitor of the T 3 ^pe RM529 may be 
shorted out. All following stages are de- 
coupled, making it possible to use the Type 
RM529 in conjunction with a diode detector 
for % of modulation measurements. Sig- 
nals which are not video, such as found in 
tape recorders, may also be measured. DC 
coupling is also useful for measuring hum 
and bounce in the video system. With the 
dc restorer disabled, and the input of the 
Type RM529 ac-coupled (normal), the low 
frequency 3-db down point is approximately 
0.32 Hz. 

Both the back porch (blanking level) 
and the sync tip represents stable reference 
levels in the video signal. Back-porch 
clamping has in the past been objectionable 
because it interfered with color burst. De- 
sign considerations in the Type RM529 
make this objection invalid. Back-porch 
clamping has the advantage that there is a 
more direct relationship between the blank- 
ing level (back porch) and picture black 
level than there is to the sync tip level. (A 
simple modification of the Type RM529 
circuitry will adapt the instrument for sync- 
tip clamping. This modification is described 
in the Type RM529 Instruction Manual.) 

Change in blanking level due to the pres- 
ence of color burst is well under 1%. No 
aberrations to the color burst are caused by 
the clamping circuit. 
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Joseph E. Nelson 

Tektronix Product Technical Information Group 

This article describes oscilloscope differential amplifiers in terms of 
their ap p lication t o m e a sure ni e n ts. C hara c t e fdstics sit c h as co mnio n - ni ode 
rejection ratio, voltage range, and frequency range are explained, and 
typical figures are given. In addition, the effect of probes and filters as 
zvell as the importance of source impedance are discussed and pointed up 
as factors that can affect measurement capability. 



IVhat Is It? 

Tlie word “clif ferentiar’ in the ampli- 
fier name can be misleading. To some it 
suggests a relationship to differential cal- 
culus while others think of a differentiat- 
ing network. It is neither of these, but 
simply a difference amplifier. By defini- 
tion: An oscilloscope differential amplifier 
is a device that amplifies and displays the 
voltage difference that exists at every 
instant between signals applied to its two 
inputs. 

With this definition as a departure point, 
one can get some idea of the oscilloscope 
display that will result from a variety of 
input signals. For example, tw’O pulses 
that differ in both amplitude and coinci- 
dence that are applied to a differential 
amplifier will cause the oscilloscope dis- 
play to be a complex W’aveform that rep- 
resents the instantaneous difference be- 
tween the tw^o pulses. On the other hand, 
two signals that are identical in every re- 
spect wall cause no output on tiie CRT 
screen (limitations to this statement will 
be described under Common-Mode Rejec- 
tion) . 

Several examples of input waveforms as 
applied to a differential amplifier and the 
resultant output waveforms are shown in 
Figures 1, 2 and 3. 
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Figure 1. a. Input signals of different amplitude (same phase) applied to a differential amplifier, 
b. The resultant ouput signal. 




Figure 2. a, Two signals of equal amplitude but of different phase (approx. 35°) applied to a 
differential amplifier, b. The resultant signal seen on the crt. 
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Figure 3. a. Two square waves of different amplitude and coincidental applied to a differential 
amplifier, b, the difference waveform seen on the crt. 










Common-Mode Rejection 



1 volt 



The definition of the term differential 
amplifier implies a rejection of equal am- 
plitude, coincident signals. This implica- 
tion is correct. However, the degree of 
rejection depends primarily on the sym- 
metry of the amplifier inputs. Unfortu- 
nately, the design and construction of two 
exactly symmetrical inputs to a differential 
amplifier cannot be accomplished in prac- 
tice. Small differences in resistor and 
capacitor values result in deviations from 
the theoretical input attenuation ratio. In 
addition, the capacitance of active elements 
may not remain the same for each input 
and this can cause a difference voltage, 
especially at the higher frequencies. The 
net result of these variations in component 
values is an unbalance that causes a dif- 
ference signal, even though the amplifier 
is driven by identical input signals. The 
amount of difference signal that one can 
expect from a particular amplifier is docu- 
mented with a mathematical relationship 
that is called the common -mode rejection 
ratio (CMRR). This ratio and associated 
terms are defined as follows: 

Common-Mode \ Refers to signals that 
are identical with respect to both am- 
plitude and time. Also used to identify 
the respective parts of two signals 
that are identical with respect to am- 
plitude and time. 

Comm on-M ode R eje ction : The abi 1 i ty 

of a differential amplifier to reject 
common -mode signals. 

Common-Mode Rejection Ratio {CM- 
RR)-. The ratio between the ampli- 
tude of the common-mode input sig- 
nal to the difference input signal 
which would produce the same deflec- 
tion on the CRT screen. 

NOTE : Since the differential ampli- 
fier in this discussion (and throughout 
this article) is part of an oscilloscope, 
the output signal used to calculate the 
CMRR is measured in the usual way 
from the CRT screen and volts-per- 
di vision switch setting. 

Thus, a differential amplifier that pro- 
duces a .005 -volt output when driven by 
5.0 volts of common -mode signal has a 
CMRR of 5/.005 or 1000:1. 

Measurements made with a differential 
amplifier should contain an allowance for 
the output voltage that is due to common- 
mode signal. For example, if an amplifier 
with a CMRR of 1000:1 is used to meas- 
ure the difference between two similar 
five -volt signals, the output seen on the os- 
cilloscope screen is the re.sult of two volt- 
ages : (1) the actual difference between 

the input signals, and (2) the difference 
voltage that results from the common -mode 
signal. Because of this combination, the 




Figure 4. The common-mode rejection ratio related to frequency, voltage level, and input coupling 
of a typical differential amplifier. 



COMMON-MODE REJECTION^ 

0.1 MV/CM to 10 MV/CM^ 





Referred to Input Connectors 


Referred to Input of Properly 
Adjusted P6023 Probes 


DC -Coupled 
Input 


AC- Coupled Input 
With Low-Z Source 


DC -Coupled 
Input 


AC- Coupled Input 
With Low-Z Source 


DC to 100 kHz 


50,000:1 








500 kHz 


1,000:1 


1,000:1 






DC to 10 Hz 






50,000:1 




15 Hz 




500:1 






60 Hz 




2,000:1 






100 Hz 






10,000:1 




1 to 10 kHz 






1,000:1 


1,000:1 


100 kHz 




50,000:1 


500:1 


500:1 


20 MV/CM to 10 V/CM^ 


DC to 1 kHz 


10,000:1 








DC to 100 kHz 


1,000:1 








500 kHz 


500:1 


500:1 






15 Hz 




500:1 






60 Hz 




2,000:1 







^For ground -referenced sine -wave common -mode signals. 

2 With 10 volts peak -to -peak or less in common mode at input connectors. 

With common -mode amplitude at input connectors of 100 volts peak -to -peak or less from 
20mv/cm to O.lv/cm, and with 600 volts peak-to-peak or less from 0.2v/cm to lOv/cm. 

These common -mode signals will not overdrive the amplifier; 

O.lmv/cm to lOmv/cm, ±20 v from gnd (40 v pk-to-pk ac) 

20mv/cm to O.lv/cm, ±200 v from gnd (400 v pk-to-pk ac) 

0.2v/cm to lOv/cm, ±600 v from gnd (1200v pk-to-pk ac) 



Figure 5 . Chart for the Tektronix Type 3A3 Differential-Amplifier Unit that outlines the parameters 
under which certain common-mode rejection ratios can be achieved. 



actual difference voltage cannot be exactly 
measured. Therefore, the voltage meas- 
ured on the CRT screen should include a 
tolerance that is equal to the computed, 
or measured, output voltage due to the 
common -mode signal. 

In the above example, the CMRR of 
1000:1 means that the common-mode por- 
tion of the five -volt signals will cause 
an output of 5.0 volt/ 1000 or .005 volt. If 
a voltage of, say .015 was measured on the 



CRT screen, it should be noted as .015 
±.005 volt. 

Amlylitude, Frequency and Input Coupling 

To this point, no mention has been made 
of common-mode rejection in terms of am- 
plitude, frequency, or type of input 
coupling. The importance of these factors 
is graphically illustrated in Figures 4 and 
5. From these figures one can formulate 
some general rules as to expected changes 
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in common -mode rejection when amplitude, 
f requeue}^ or input coupling are changed. 



ential -Amplifier Unit, can be adjusted for 
CMRR’s of 50,000 at certain frequencies. 



1. The specified common-mode rejec- 
tion becomes lozve?' as the common - 
mode signal amplitude is increased. 

2. The specified common-mode rejec- 
tion becomes loiaer as the input atten- 
uators (within the amplifier) are 
switched into the amplifier input 
circuit. 

3. The specified common-mode rejec- 
tion becomes lozeer as the frequency 
of the common-mode signal in- 
creases. (Exception: with AC-cou- 
pled input the CMRR can become 
higher as frequency is increased 
within the 1 Hz to 100 Hz range). 

4. Generally, the addition of compo- 
nents sudi as probes, attenuators, 
or even extra cable to the ampli- 
fier inputs will lower the apparent 
common-mode rejection. (Note: the 
actual CMRR of the instrument 
cannot be changed by added external 
components.) 

Where precise quantitative data is need- 
ed, one should measure the CMRR of the 
instrument at the specific frequency or 
repetition rate and amplitude of the sig- 
nals being used and use this measured 
CMRR as a tolerance figure in difference 
measurements. 

Amplitude and Common-Mode Rejection 

In the text to follow, the term maximum 
common-mode input voltage means the max- 
imum voltage that will not overdrive the 
amplifier. This should not be confused with 
the maximimi non-destructive input voltage 
which is related to the breakdown limits 
of the amplifier components. 

Figure 4 shows that the CMRR de- 
creases as the input voltage increases. If 
the voltage applied to the input is raised 
beyond the maximum common -mode input 
voltage specified for the amplifier, at some 
point the input circuit will be overdriven 
and the common-mode rejection ratio be- 
comes meaningless. Once this occurs, fur- 
ther increase of the common-mode voltage 
will cause a disproportionate increase in 
the amplitude of the CRT display. 

This discussion of input voltage also 
applies to pulses and square -waves as well 
as sine- waves. But because these wave- 
forms contain components of many fre- 
quencies, it is difficult to predict the shape 
of the resultant waveform that a differ- 
ential amplifier may display. 

Probes and Co mm on- Mode Rejection 

Attenuator probes extend the usable volt- 
age range of a differential amplifier by- 
reducing the input signals to a level that is 
below the maximum common-mode mput 
voltage. In doing this, however, the probes 



robfi Tolerance CHRP. 

(Apparent) 

A +1X 50:1 

8 -]% 50:1 

C +22 25:1 

D -2Z 25:1 

£ +3'£ 16:1 

F -3£ 16:1 



Figure 6. Simplified input circuit and table that 
shows the change in CMRR (apparent) due to 
XI 0 probes that are within 1, 2, and 3% of 
their attenuation value. 

may cause a reduction in the apparent 
CMRR due to component value differences 
within the probes. For example. Figure 6 
illustrates the change in CMRR (apparent) 
due to XIO probes that are within 1, 2, 
and 3% of their attenuation value. Bear 
in mind that the reduction in apparent 
CMRFi can also be caused by different 
values of the input resistor. Also, probes 
with cables of different length may intro- 
duce enough signal delay between them to 
cause a difference voltage at the inputs. 
A good rule, especially with probes, is to 
try to make conditions at both inputs identi- 
cal 

A typical test was run on four Tektronix 
Type 6006 probes to illustrate what might 
be expected in practice. The differential 
amplifier was a Tektronix Type 3 A3 Dual- 
Trace Differential Amplifier in a Tek- 
tronix Type 561 A Oscilloscope and the 
source voltage was from a Tektronix Type 
190B Sine -Wave Generator set at 1 kHz. 



Probes 1 and 2 


CMRR 

56:1 


Probes 1 and 3 


40:1 


Probes 2 and 3 


68:1 


Probes 4 and 1 


8:1 


Probes 4 and 2 


7:1 


Probes 4 and 3 


8:1 



This test pointed out two additional fea- 
tures of probe use : ( 1 ) by reversing the 
probe connections to the amplifier inputs 
the CMRR was changed. For instance, 
when probes 1 and 2 were reversed, the 
CMRR changed from 56:1, as shown above, 
to 46:1; and (2) the te.st showed probe 
number 4 to be defective, as indicated bv 
the low CMRR (8:1). 

In measurements where attenuator probes 
must be used because of voltage levels, and 
at the same time a high (above 1000:1) 
CMRR must also be achieved, the Tek- 
tronix Type P6023 Probe is suggested. 
This is a XIO low capacitance probe with 
variable attenuator ratio that is adjustable 
over a ±2.5% range. As pointed out 
earlier in Figure 5, these probes, when 
used with a Tektronix Type 3 A3 Differ- 




Filters and Common- Mode Rejection 

Some differential amplifiers use filters, 
but this technique is not considered to be 
common-mode rejection since difference 
signals are also rejected by filters. In ef- 
fect, the filters set the bandwidth of the 
amplifier and reject signals that are above 
or below the filter passband. For example, 
a 60 Hz sine- wave modulated by high-fre- 
quency noise can be “cleaned up" consider- 
ably by using a filter whose passband 
centers on 60 Hz, Conversely, to eliminate 
line- frequency hum, a filter that restricts 
the hum frequency should be used. 

Several differential amplifiers, such as 
the Tektronix Type 2A61 Low-Level Dif- 
ferential Amplifier and Tektronix Type 
1A7 High-Gain Differential Amplifier, 
have a series of internal filters that are 
adjusted by frequency- response controls on 
the instrument front panel. These controls 
allow the amplifier passband to be centered 
on the frequency of the desired signal. 
One note of caution — too severe restric- 
tion of the passband may cause distortion 
of non -sinusoidal signals. 

Signal Source Impedance and Common- 
Mode Rejection 

The common-mode rejection ratio speci- 
fied for a differential amplifier is ob- 
tained by applying the same signal to both 
inputs. Since the signals are from the 
same generator, the source impedance of 
the signals is the same. (In the discus- 
sion that follows, the signals are 100 Hz 
sine waves.) 




Figure 7. Schematic that shows the relationship 
of test-point source impedance to the amplifier- 
input impedance, and also shows the apparent 
CMRR caused by large value difference between 
test-point impedances. 
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If the two inputs to a differential ampli- 
fier are connected to circuits that do not 
have the same source impedances, the ap- 
parent CMRR will be lower than expected, 
even though the voltages from both sources 
are the same. (Note: This assumes a 

finite resistance such as 1 megohm from 
grid to ground at each input of the differ- 
ential amplifier). The reason for this 
lower CMRR is : the source impedance of 
the circuit under test and the amplifier 
input impedance form a divider (both R 
and C) and the ratio between these two 
impedances determines the amount of sig- 
nal presented to the grids. 

For example, in Figure 7, the source 
impedance of generator A is 10 kilohms 
and the input impedance of input A is 
1 megohm. The actual voltage present 
at the input A is 99.0% of the source or 
9.90 volts. 

Generator B has a source impedance of 
5 kilohms which is in series with the 1 
megohm input impedance of input B. This 
results in 99.5% or 9.95 volts applied to 
input B. 

With 9.90 volts applied to input A and 
9.95 volts applied to input B, the net dif- 
ference between the two inputs is 0.05 volt. 
This difference voltage of 0.05 volt would 
be amplified and appear on the CRT screen. 
If one considered this voltage as the re- 
sult of a common-mode 10.0- volt signal 
the ratio would be 200:1. However, as the 
illustration shows, the difference voltage 
of 0.05 volt was present at the input to 
the amplifier and because of this, cannot 
be considered as a common -mode voltage. 
In addition, the illustration shows that the 
difference voltage present at the amplifier 
input was a direct result of the difference 
in source impedance of the two signal 
sources. 

One way to reduce inaccuracy due to 




equal 10-volt 
generators 



Figure 8. Schematic that shows the small effect 
on CMMR caused by low-impedance test points 
compared to that of Figure 7. 



different source impedance is to select test 
points with low source impedance. Figure 
8 shows a difference voltage of .0005 volt 
applied to a differential amplifier when the 
source voltage is 10.0 volts and the source 
impedances are 50 and 100 12 respectively. 

In this case, the apparent CMRR is 20,- 
000:1 (assumes infinite CMRR of the am- 
plifier). 

If a measurement must be made from 
two different high impedance points the 
source impedances can be calculated and 
allowance made for the difference voltage 
although this calculation can be cpiite dif- 
ficult. A second way to handle this meas- 
urement is to use a differential amplifier 
witii an infinite input resistance. The Tek- 
tronix Type W Plug-In Unit can be set 
by a front panel control to have 10,000 
megolims input resistance. The remaining 
input capacitance of 20 pf will present 
approximately 80 megohms to the 100 Hz 
signal. When two dividers are calculated 
between 80 megohms and the 5-k and 10-k 
source impedances, the difference voltage 
from a 10-v signal is .0006 v. 

As the frequency of signals increases, 
the error due to different source imped- 
ances also increases. There is really no 
solution to this problem other than to avoid 
the conditions that produce it. Thus, one 
should : ( 1 ) select low source impedance 

test points whenever possible, and (2) 
where high impedance test points must be 
used, try to use points of equal source 
impedance. 

Groun d Connections 

Because differential amplifiers are capa- 
ble of measuring difference signals at 
microvolt levels they are also sensitive 
to unwanted signals that may be present 
in the instrument environment. Proper 
grounding can often reduce these unwanted 
signals to a point where they do not in- 
terfere with a measurement. Figures 9a, 
b, and c illustrate the right and wrong way 
to connect a differential amplifier into 
a circuit. 

Figure 9a is wrong because each probe 
shield acts much like an antenna in pick- 
ing up stray signals from the environment. 
These signals will differ in both phase 
and amplitude between the two probe shields 
and will induce currents in the center con- 
ductors which result in small signal dif- 
ferences at the input to the amplifier. 
Figure 9b is wrong since a ground con- 
nection between the junction of the probe 
shields and the instrument under test would 
allow ground currents to flow through the 
shields. The presence of these ground cur- 
rents increases the possibility of erroneous 
measurement due to resultant voltage dif- 
ferences ai)plied to the inputs of the am- 
plifier. 







Fig. 9a. Wrong 



probe shields 
tied together 




do not ground to 



circuit instrument under test 

under test 

Fig. 9b. Wrong 



probe shields 
tied together 




Fig. 9c. Right 

Figure 9. The right and wrong way to connect 
a differential amplifier into a circuit. The ground 
shown in c Is for safety purposes and not es- 
sential to the measurement. 

Figure 9c shows that the correct way to 
connect the probes is to couple the shields 
together at the probe body (but not to 
instrument ground). This reduces inter- 
ference by (1) reducing the impedance of 
the loop formed by the shield, and (2) 
equalizing the currents through the loop 
to allow the CMR of the amplifier to re- 
ject them. The chassis ground shown in 
Figure 9c is provided for safety between 
instruments; it is not essential to the meas- 
urement. 

{Part 2, which concludes this article, zoill 
appear in the forthcoming October, 1965 
issue of SERVICE SCOPE.) 



4 








TYPE 543B AND TYPE 545B OSCILLOSCOPES — IMPROVEMENT OF 
AUTOMATIC INTERNAL AND EXTERNAL TRIGGER 

TRIGGER 











TRIGGER MODE 


TRIGGER REQUIREMENTS 




AC 


2-mm deflection from ISOcps to 10 Mc^ increasing to 
1cm at 30 Me. Will trigger below 150cps with in- 
creased deflection. 


INTERNAL 


AC LF REJECT 


2-mm deflection from 30 kc to 10 Me, increasing to 
1 cm to 30 Me. Will trigger below 30 kc with increased 
deflection. 






6-mm deflection to 10 Me. 


!■ 


AUTOMATIC 


5-mm deflection at 150 cps. With increasing deflection, 
to 10 Me. Will trigger to 50 cps with increased deflec- 






tion. 




AC 


0.2 V from 150 cps to 10 Me, increasing to 1 v at 30 
Me. Will trigger below 150 cps with increased signal. 




AC LF REJECT 


0.2 V from 30 kc to 10 Me, increasing to 1 v at 30 Me. 
Will trigger below 30 kc with increased signal. 




DC 


0.2 V to 10 Me, increasing to 1 v at 30 Me. 




AUTOMATIC 


0.5 V at 150 cps. With increasing deflection, to 10 Me, 
Will trigger to 50 cps with increased deflection. 



Chart 1. Manual specifications of trigger requirements for Type 543B and Type 545B (Time Base 
A only) Oscilloscopes. 



Some Type 543 B and Type 545 B Os- 
cilloscopes, both conventional and RM 
models, offer a difficulty in meeting the 
5 mm and 0.5 v Manual specifications, re- 
spectively on automatic internal and ex- 
ternal trigger. (In the Type 545B Os- 
cilloscope the difficulty is confined to the 
Time Base “A” trigger circuit). A non- 
symmetrical trigger-output signal when the 
TRIGGER MODE control is in the AUTO 
position, will cause erratic auto triggering. 
Changing the resistor R38 from a value of 
12k to 18k ( 1 w , 5 % — T ekt r on i x pa r t 

number 303-0183-00) will improve the sym- 



metry of the signal and allow stable trig- 
gering on the latest Manual specifications. 
See Chart 1. 

After making the change, be sure to 
note the new value for R38 in the parts 
list and on the schematic in the Instruc- 
tion Manual for the instrument. 

This improvement is applicable to Type 
545 B Oscilloscopes, s/n 101 to 1235 ; Type 
RM545B Oscilloscopes, s/n 101 to 247; 
Type 543 B Oscilloscopes, s/n 101 to 267 ; 
and Type RM543B Oscilloscopes, s/n 101 
to 120.^ 



TYPE G PLUG-IN UNIT — INTERMITTENT OSCILLATIONS IN TYPE 
544, TYPE 546, AND TYPE 547 OSCILLOSCOPES 



Some Type G Plug-In Units will, on 
occasion, exhibit intermittent oscillation 
when used in some Type 544, 546, and 
547 Oscilloscopes. 

A cure for this problem is the addi- 
tion of two 0.01 fih ferrite cores (Tek- 
tronix part number 276-0528-00) ; one to 
the lead of L3977 (an 0.18 /ih inductor) 
located between pin 1 of the Type G Unit’s 
amphenol connector and ceramic strip #2, 
and the other to the lead of L4977 (an 



0.18 /ih inductor) located between pin 1 
of tlie amphenol connector and ceramic 
strip #4. Install the ferrite cores on the 
leads that run between the ceramic strip 
and the inductors. Give the designation 
L3978 to the ferrite core added to the 
lead of L3977. Give the designation L4978 
to the ferrite core added to the lead of 
L4977. Be sure to make the necessary cor- 
rections to the schematic and parts list 
in your Type G Unit’s Instruction Manual. 



TWO TYPE 3A1 PLUG-IN UNITS 
X_Y ~ POWER SUPPLY UNDER- 
LOAD AT HIGH LINE 

Type 3A1 Plug-In Llnits (s/n below 
7930 only) will, under certain conditions 
shunt a little more current around the 
— 100 v power-supply series regulator than 
the plug-in can actually use. 

With two 3Al’s installed, the — 100 v 
in the Type 561, Type 561 A or Type 564 
Oscilloscopes (either conventional or rack 
mount versions) may fail to regulate when 
the power source (line voltage) exceeds 
115 V. The Type 3 A 1/Type 3A1 is the 
only plug-in combination where the under- 
load is significant. 

Replacing the wire strap between pin 
22 of the Type 3Al’s amphenol connector 
and ground with a 1 k, 2 w, 10% resistor 
(Tektronix part number 306-0102-00) will 
reduce the power supply shunting to a level 
which will allow the use of Two Type 
3APs X-Y. Designate the new resi.stor 
R393 and make the necessary addition 
to the parts list and correct the schematic 
in your Type 3A1 Instruction Manual. 

Generally speaking, two 3Al’s is a rather 
unusual combination for dual -trace X-Y 
presentations. Type 3Al’s have no facil- 
ity for channel pairing,* phase character- 
istics do not match for the entire band- 
pass and the X-axis unit is limited to 
8 cm scan (6 cm in units with serial num- 
ber below 7930). However, in X-Y ap- 
plications where these limitations are not 
serious, Type 3Al's below serial number 
7930 will operate satisfactorily if modi- 
fied as noted above. Type 3A1 Units with 
serial numbers 7930 and higher incorporate 
the modification. 

*For single- trace X-Y presentations or for 
dual- trace X-Y presentations using a com- 
mon signal applied to only one channel 
of one of the axis units, the lack of chan- 
nel pairing does not present a problem. 

INPUT TIME-CONSTANT STAND- 
ARDIZER — USE OF UHF-TO-BNC 
ADAPTERS NOT RECOMMENDED 

Tektronix input Time- Constant Stand- 
ardizers are available for standardizing the 
input time constant of plug-in having a 
nominal capacitance of 12 pf, 15 pf, 20 pf, 
24 pf, and 47 pf. The individual standard- 
izers for each time constant (except 15 pf 
X 1 meg) can be obtained with either 



UHF or BNC connectors; the stanclardizer 
for 15 pf X 1 meg time constant is avail- 
able with BNC connectors only. 

The use of a UHF-to-BNC adapter with 
a Tektronix Time- Constant Slandarclizer 
equipped with UHF connectors will add 
one or two picofarads of capacitance to 
the plug-in input. This additional capaci- 
tance will have an effect on the accuracy 
of high frequency measurements. The high- 
er the frequency of the applied signal 
the greater the effect of the additional 
capacitance. 

Use a standardize!' of the correct time 
constant equipped with connectors that 
match those of the plug-in whose input 
time constant 3-011 wish to standardize. 

Listed below are the available Tektronix 
Time- Constant Standardizers : 



Tektronix Part # 



Input Cap. 

1 2 pf X 1 meg 



1 5 pf X 1 meg 
20 pf X 1 meg 
24 pf X 1 meg 
47 pf X 1 meg 



UHF 

on -0051 -00 

011 - 0022-00 
01 1-0029-00 
011-0030-00 



BNC 

011-0065-00 

011-0073-00 

011-0066-00 

011-0067-00 

011-0068-00 



TYPE 544, TYPE 546, TYPE 547 OS- 
CILLOSCOPES — MODIFICATION 
FOR BETTER COMPATIBILITY 
WITH TYPE W HIGH-GAIN DIF- 
FERENTIAL - COMPARATOR* AND 
TYPE Z DIFFERENTIAL COMPARA- 
TOR PLUG-IN UNITS 



The Type W and Type Z Units are 
capable of more signal-output swing than 
other plug-in units used with these oscil- 
loscopes. 

Off screen signals saturate one or more 
of the two delay-line-driver transistors 
(Q10I4 or Q1024). This raises the emitter 
voltage to an excessive level. When the 



signal waveform comes back on screen, 
a transient oscillation occurs in the lumped 
LC formed by L1018, C1035 and Cl 153. 
The oscillation-energy excursion diverts 
emitter current from the delay-line drivers 
and causes amplifier distortion as shown 
in Figure 1. The size of the aberration 
depends on the vertical position of the 
waveform. 




Figure 1. A — Waveform aberration before ad- 
dition of R1020. B — After addition. Signal 
Source: 1 Volt Cal, Sweep Rate 1 /is/cm. Type 
W Unit Control Settings: Yc + 11, INPUT ATTEN 
1, DISPLAY A-Vc, MILLIVOLTS/CM 5. {Triple 
exposure photos.) 





Figure 2. “Before” and “After" sketches show- 
ing how to install the 330 11 resistor R1020. 



A 33012, w, 10% resistor (Tektronix 
part number 316-0331-00) connected ef- 
fect ivel3' between the junction of the in- 
ductor, L1018, and the two capacitors. 
Cl 035 and Cl 153, will act as an oscillation 
damper and overcome this problem. The 
“Before” and “After” sketches in Figure 
2 .show how to install the 330 12 resistor. 

Designate this new resistor R1020 and 
make the necessary corrections to the parts 
list and on the schematic of 3'our instru- 
ment’s Instruction Manual. 

This modification is applicable to the 
following instruments : 





SERIAL 


TYPE 


NUMBER 


544 


101-210 


RM544 


101-210 


546 


101-449 


RM546 


101-150 


547 


101-940 


RM547 


101-180 


conjunction with 


this modification, 



Type W Units with serial numbers 101 
through 169 will require the addition of 
an 0.1 /jlX discap (Tektronix part number 
283-0057-00). T3q>e W Units with serial 
numbers 170 and up have the additional 
capacitor installed at the factory. 

The new capacitor is installed in par- 
allel with R283, a 2-k, 5-w, wire- wound 
resistor. 

To install the new capacitor, turn the 
Type W Unit upside down on tlie bench 
with the front panel facing 3^011. R283 

is located on the rear of the chassis to the 
left and just under the Amphenol connector. 
Solder one lead of the new 0.1 /if capaci- 
tor to the top lug of R283. Solder the 
other lead to the bottom lug of R283. 

Designate the new capacitor C283 and 
add it to the parts list and schematic of 
the Type W Unit’s Instruction Manual. 



TYPE 310 OSCILLOSCOPES — SILI- 
CON RECTIFIERS 

This modification replaces the selenium 
rectifiers SR601 or SR660 and SR630 with 
silicon rectifiers, offering more reliability 
and longer life. 

The modification involves the removal 
of the old selenium rectifiers and the in- 
stallation of a new silicon rectifier as- 
sembG^ The new assembl}^ includes three 
resistors (R601, R630, and R660), wLich 
compensates for a low^er voltage drop 
across the twelve silicon diodes in the new 
assembly. 

This modification is applicable to Type 
310 Oscilloscopes, serial numbers 101-10000. 
Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 



NEW FIELD MODIFICATION KITS 

tive or Distributor. Specify Tektronix 
part number 040-0195-00. 

TYPE 551 OSCILLOSCOPE— SILICON 
RECTIFIERS 

This modification replaces the selenium 
rectifiers with silicon diodes w'hich offer 
more reliability and longer life. 

The modification involves the removal 
of selenium stacks SR690, SR660, SR640, 
SR700 and SR 740 and the installation of 
a new- silicon rectifier assembly. The new 
assembly includes resistors wdiich compen- 
sate for a lower voltage drop across the 20 
silicon diodes in the new assembly. 

This modification is applicable to Type 
551 O.scilloscopes, serial numbers 101-2357. 

Order through your local Tektronix 
Field Office, Field Engineer, Field Repre- 



sentative or Distributor. Specify Tektronix 
part number 040-0206-00. 

TYPE 551 OSCILLOSCOPES— MULTI- 
TRACE COMPATIBILITY 

This modification assures compatibility 
between the Type 551 Oscilloscopes and 
Multi-Trace plug-ins (i.e., 53C, 53/54C, 
C, CA, M, lAl, 1A2, etc). 

The “Multi -Trace Units S3'nc Amplifier” 
VI 54 (a 6AU6 tube) is replaced wdth a 
6DJ8 duo-triode which supplies Alternate 
Trace sync pulses to each plug-in. 

The isolation of the two S3-nc pulses 
prevents the differences in the plug-in 
Alternate-Trace switching circuitry and in- 
put impedances from locking up the switch- 
ing circuitry in one or both of the plug-ins 
w4ien they are in the Alternate Mode. 
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This modification is applicable to Type 
551 Oscilloscopes, serial numbers 101-5953. 
A few instruments in the serial number 
range 5575-5950 were factory modified. 
Instruments within this range should be 
checked before the modification is ordered. 
If V154 is a 6DJ8, the instrument has been 
modified. 

Order through your local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix part number 040-0398-00. 



TYPE 524D TELEVISION OSCILLO- 
SCOPES — HIGH-VOLTAGE POWER 
SUPPLY 

This modification includes a new Pligh- 
Voltage Power Supply which has been 
redesigned mechanically on a larger chas- 
sis. 

With the new chassis, one can replace 
a defective part rather than replace the 



TYPE 540 SERIES AND TYPE 551 
OSCILLOSCOPES —VERTICAL AMP- 
LIFIER BIAS 

This modification increases the bias on 
the 6DK6 tubes in the distributed amplifiers. 
This imparts a greater reliability to the 
tubes and a better stability to the Vertical 
Amplifier. 

It is applicable to the following instru- 
ments : 

Type Serial Numbers 



541 


6475 - 


7022 


543 


101 - 


181 


545 


9292- 


11691 


RM41 


101 - 


142 


RM45 


101 - 


205 


551* 


101 - 


291 



* The Type 551 instrument has two iden- 
tical main amplifiers. Order two modifi- 
cation kits for this instrument. 

Order through your local Tektronix Field 
Office, Field Engineer, Representative, or 
Distributor. Specify Tektronix Part Num- 
ber 040-0191-00. 



entire supply and the new layout provides 
greatly improved ventilation. 

The modification is applicable to Type 
524D instruments, .serial numbers 101-1429. 

Order through your local Tektronix 
Field Office, Field Plngineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix part number 040-0058-00. 



TYPE 524AD OSCILLOSCOPES — 
PROBE POWER 

This modification .supplies the instruc- 
tions and components for converting the 
Probe Power Supply in the Type 5 24 AD 
from AC to DC filament voltage. Tlie DC 
filament voltage reduces hum to a mini- 
mum when tlie instrument is used with 
a ILSOOCF cathode-follower probe. 

The modification is applicable to Type 
5 24 AD instruments, serial numbers 1843- 
6649. 



TYPE RM567 OSCILLOSCOPES — IM- 
PROVED FRAME PLATES 

This modification supplies improved 
frame plates for the Type RM567 Oscillo- 
scopes. The new left-hand frame plate con- 
tains a removable panel for ease of access 
to the Vertical plug-in unit during calibra- 
tion. The new right-hand frame plate pro- 
vides better access to the 6R1A Digital 
Unit’s plug-in cards and their Bendix con- 
nectors. 

Please note that, in order to accommodate 
the above improvements, the chassis tracks 
are relocated on both frame plates. The 
rack- mounted portion of the tracks must be 
relocated in the rack in order to maintain 
the same position of the instrument in the 
rack. 

This modification is applicable to Type 
RM567 instruments with s/n’s 101-2029. 

Order through j'our local Tektronix Field 
Office, Field Engineer, Representative, or 
distributor. Specify Tektronix Part Number 
040-0378-00. 



Order through your local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specif)' Tek- 
tronix part number 040-0274-00. 



TYPE 531 AND TYPE 535 OSCILLO- 
SCOPES - B+ DELAY RELAY CON- 
VERSION 

This modification provides long-term re- 
liability for K701, the B4- Delay Relay, 
by installing a more expensive relay de- 
signed around tighter specifications. 

The modification is applicable to Type 
531 Oscilloscopes, serial iuim])ers 101-1280 
and Type 535 Oscilloscopes, serial numbers 
101-1703. 

Order through \'Our local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor, Specify Tek- 
tronix part number 040-0085-00. 



TYPE 524D AND TYPE 524AD OSCIL- 
LOSCOPE — IRE RESPONSE NET- 
JVORK 

In this modification a new IRE Response 
Network installed in the oscilloscope 
changes the roll-off characteristics to con- 
form with the Revised Standard ’58 IRE 
23.1 as amended July 1, 1961. 

This modification kit is applicable to 
Type 524D Oscilloscopes, s/n’s 1400 - 1842 
and Type 524 AD Oscilloscopes, s/n’s 1843 - 
6835. It is also suitable for Type 524D’s 
with .s/n’s below 1400 that have the four- 
position VERTICAL RESPONSE switch 
installed (Tektronix Field Mod Kit 040- 
057). It is 7iot for use with instruments 
which have Tektronix Field Mod Kit 040- 
271 (Four - Position Vertical Selector 
Swdeh) installed. 

Order through your local Tektronix Field 
Office, Field Engineer, Representative, or 
Distributor. Specify Tektronix Part Num- 
ber 040-0343-00. 
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USEFUL INFORMATION FOR USERS OFT^TRONIX INSTRUMENTS 



NUMB£F%' 34 




by 

Joseph E. Nelson 

Tektronix Product Technical Information Group 

This is the second and coricluding half of an article describing oscillo- 
scope differential amplifiers. The first half, which appeared in the August, 
1965 issue of SERVICE SCOPE., discussed differential amplifier charac- 
teristics such as common mode rejection ratio, voltage range, frequency 
range, etc. The effect of probes and filters as zvell as the importance of 
source impedance zvas also discussed. 

This second half of the article presents several applications that either 
require a differential amplifier or can more effectively be performed zuitJi 
a differential amplifier. 



Part II 
Applications 

D ifferent ia I M e astir enien ts 

A differential input measurement is one 
in which the two inputs to a differential 
amplifier are connected to two points in a 
circuit under test and the amx)lifier di$pla}'S 
the difference voltage between the points. 
In this type of measurement each input of 
the amplifier acts as a reference for the 
other and ground connections are only used 
for safety reasons. (Note: The term “dif- 
ferential in 1 ) 11 1” is synonymous with “float- 
ing input’'.) 

One application in w'hich differential in- 
put was used to advantage concerned the 
power source of an electric railroad engine. 
This was a v3- phase transformer system with 
a solid-state controller that consisted of 
strings of silicon-cont rolled rectifiers. The 
measurement problem was to examine the 
individual rectifier switching characteristics 
* and note risetime, ringing, and point of 
occurrence. The circuit (simplified) is 
show'll in Figure 10. 

The voltage across tlie silicon controlled 
rectifiers before swd telling w-as approxi- 
mately 250 volts; how'ever, the entire system 
•was several kV off ground. Because of 




Figure 10. A differentia! amplifier connected 
for a differential input measurement in the 
power system of an electric train. 

this latter voltage, two P6013 high-voltage 
XIOOO probes connected to a differential 
amplifier were used. With this arrangement, 
the amplifier sensitivity w-as increased to a 
Iioint wdiere tlie swd telling transients could 
be seen and photographed. 

SI i d c ha c k Tc ch n i que 

Slide back can be defined as the technique 
of applying a dc voltage to one input of a 
differential amplifier in order to change 
tlie vertical jiosition on the ert screen of 
the signal applied to the other input. For 
example, if an oscilloscope differential am- 
plifier is set for a vertical sensitivity of 0.01 
V/cm (trace on-screen) and a +1 volt dc 
voltage is applied to input A, the trace will 



be deflected upw-ard off screen. If a +1 
volt dc voltage is now* applied to input B, 
the trace will return on screen. One might 
say that the signal slides back on-screen as 
a result of the voltage (slide -back voltage) 
applied to input B. Also, and tliis is the 
principle of operation, the dc voltage applied 
to input B is common -mode wdth that of 
input and thus, both are rejected by the 
am 1)1 i fie r. 

A measurement problem often encounter- 
ed is the need to examine a pulse (say 0.01 
volt heigiu) that is superimposed on a dc 
level (say -|-1 volt), and make the mea.sure- 
rnent wntli the oscilloscope’s amplifier de- 
coupled. 

If this comi)osite signal is applied to input 
A of a differential amplifier and a -|-1 
volt dc voltage (slideback voltage) is 
applied to input B, the tw'o dc levels are 
common -mode and thus rejected, and only 
tlie pulse remains. In this situation, the 
vertical sensitivity could be increased to 
5 mV/cm wFerc the pulse wa)uld liave a 
height of 2 centimeters. 

Because the dc level of the composite 
signal in this example can be any voltage 
up to the maximum comm on -mode input 
voltage specified for the amplifier, the 
slideback voltage should be adjustable from 









zero volts up to this maximum common- 
mode input voltage level. With this source 
in a separate black box, an arrangement 
similar to that shown in Fig. 11 can be 
set up. 




Figure 11. Circuit connections for the slide- 
back technique described in the text. 



A second example of slideback technique 
concerns the detailed examination of small 
amounts (1 millivolt) of modulation super- 
imposed on a pulse or square wave of +1.0 
volt pulse height. If this pulse is applied 
to input A of a differential amplifier (at 
0.2 V/cm) and the “black box” slideback 
voltage source applied to input B, t!ie pulse 
displayed on the crt screen can be moved 
vertically hy varying the slideback voltage. 
If the sensitivity is now increased to 1 mV/ 
cm, the top of the pulse will go off-screen. 
It can be returned on-screen by adjusting 
the slideback voltage. Since the sensitivity 
remained at 1 mV/cm, the sought-for modu- 
lation on top of the pulse should occupy one 
vertical centimeter. (See over-scan limita- 
tions later in text). 

This example introduces the concept of 
effective crt screen height. A 1 volt pulse 
was displayed on the crt screen at a sensi- 
tivity of 1 mV/cm. Through use of the 
slideback voltage aii}^ portion of the pulse 
could have been brought on-screen. Since 
the pulse height was 1 volt and the sensi- 
tivity 1 mV/cm, the effective .screen height 
was 1000 cm. The formula for finding the 
effective screen height is: 

Slideback V oltage 
Ve r ti ca 1 S en si ti v i ty 
Effective screen height 
Applying this formula to the Tektronix 
Type W High-Gain Differential Compara- 
tor Plug-In Unit comes out a.s follows : 

dzH.OOOVdc 

— ~ 11,000 cm maximum 

.001 v/cm 

D iffe re ntial Com pa ra t o r 

Carrying the slideback technique one step 
further ])v making the slideback voltage a 
calibrated supply with a precision dial and 
building this into the amplifier makes the 
device a differential comparator. This in- 
strument, sometimes called a slideback volt- 
meter, can make both ac and dc voltage 
measurements. The precision of these meas- 
urements in terms of a ± percent can be 
calculated from the differential comparator 



specifications (attenuator accuracy, com- 
parison voltage accuracy, etc. ; see ex- 
ample later in text). 




TrP£ W PLUG-IN UNIT 



M I Ll I VOLTS/CM 



Figure 12. The Tektronix Type W High-Gain 
Differential Comparator Plug-In Unit. 

Operation of the differential comparator 
as a precision voltmeter consists of apph'- 
ing the signal to be measured to input A 
with the front i)anel controls set for a com- 
parison measurement. This internally con- 
nects the comparison (slideback) voltage 
( Vc) to input B. Figure 12 shows the 
front panel of the Type W High- Gain 
Differential Comparator Plug-In Unit. Note 
that the Vc range switch not only changes 
the range but also can change the polarity 
of the comparison voltage. This allows 
comparisons with both positive-going and 
negative-going signals. 

In dc voltage measurements the signal - 
carrying cable is connected to the A input 
connector with the input attenuator at 1, but 
with the input coupling switch set to GND. 
The display switch is set to .A-V'c which 
means a comparison between whatever sig- 
nal is present at input A and tlie comparison 
voltage. The precision dial is set to zero 
and the position control used to move the 
trace (free-run) to the center vertical 
reference graticule line. This zero voltage 
line is the start and finish point of a meas- 
urement, All that remains is to turn the 
coupling switch of input A to dc, which 
allows the trace to disappear off-screen ; 
then slide the trace back on-screen to the 
reference line with the precision dial. The 
value of the unknown voltage is tlie reading 
of the precision dial. 

AC voltage measurements that use a-c 
input coupling have signals that pass 
through both polarity. To measure peak-to- 
peak, the comparison voltage dial is adjust- 
ed to bring oiie peak to a graticule reference 
line and the dial reading is noted. Then 
the Vc range switch is turned to the oppo- 
site polarity and again the precision dial 



is used to move the peak to the same grati- 
cule reference line. The dial reading is 
noted, and this reading, added to the first 
dial reading, equals the peak-to-peak volt- 
age. 




Figure 13. Test setup to measure amplifier 
gain. 



An application in which the two inputs to 
a differential comparator are used to ad- 
vantage is the gain setting of low-frequency 
amplifiers. Figure 13 shows a suggested 
arrangement in which input A of the com- 
parator is used to measure the input signal 
(A-Vc Display) and then input B of the 
comparator is used to measure the output 
(B-Vc Display). 

A second application is the measurement 
of transmitter carrier power. In the follow^- 
ing description, correction must be made for 
carrier frequencies that are above the flat 
response portion of the amplifier passband. 
In addition, since this is a voltage measure- 
ment, the transmission line should be ter- 
minated so as to minimize standing waves. 
A “Tee” connector is inserted in the output 
transmission line and used to couple the 
input of the differential comx^arator, through 
attenuator probes, to tbe line center conduc- 
tor. Figure 14 shows the connections. 




Figure 14. Test setup to measure transmitter 
power with a differential comparator. 



The peak-to-peak sine wave carrier is 
measured with the differential comparator 
and the results used in the following for- 
mula : 



P-P Voltage 

2 



X 0.707 



Z of System 



Power 



For example, if 200 volts peak-to-peak 
carrier voltage is measured with a differen- 
tial comparator and the transmission system 
is 50 Ik the power is : 



”200 

~Y X 0.707 



50 O 50 



4998.5 

5012 



= 99.97 W 



2 



At low power, as in this example, the signal 
can be connected directh^ into the compara- 
tor, but at higher power levels attenuator 
probes must be used and the tolerance of 
these probes should be included in the power 
computation. 

Limifaiions of Differential Comparators 
Overscan Recovery is a characteristic of 
differential comparators that states the time 
required for the amplifier to recover to 
within some amount of voltage after a re- 
turn to the screen. For example, in the dis- 
cussion of effective screen height, the top 
of a pulse was brought on-screen by use 
of the slideback voltage. When the pulse 
falls and rises again, the rapid change 
causes peaking and ringing of the pulse 
leading edge. Tlie overscan recovery speci- 
fications state that this ringing will reduce 
to within 10 millivolts after 300 nanoseconds 
(W unit). Because of this, measurements 
should not be made in the first 300 nano- 
seconds after tlie leading edge of the pulse 
reappears on the screen. 

Rate of Rise is a specification of some 
differential amplifiers (Tektronix Type Z 
Differential Comparator Plug-In Unit) that 
is specified in volts per time. For instance, 
the maximum rate of rise of the Z unit is 
1 volt in 7 nanoseconds. Signals that exceed 
this rate will cause grid current and subse- 
quent waveform distortion. Similarly, rate 
of fall of the Z unit is 1 volt in 5 nano- 
seconds. 

Recovery from the conditions caused by 
pulses that exceed these rates lakes an 
amount of time that is proportional to the 
pulse amplitude. For example, a 10.0 volt 
pulse that exceeds the rate of rise specifi- 
cation (say 1.0 volt per 7 nanoseconds) 
would cause the first 70.0 nanoseconds, 
measured from the start of the rise, to be 
unusable. 

D iffe ren tial Co mpa ra tor M e a sure ment A c - 
curacy 

Tlie accurac}^ of a differential comparator 
measurement depends on several characteris- 
tics of the amplifier. These are: compari- 
son voltage (Vc) and linearity accuracy, 
CAfRR, drift, and input attenuator accuracy. 
Tn addition to these characteristics which 
affect all measurements, certain other fac- 
tors must be considered when measuring 
pulse amplitude. These include: errors due 
to amplifier recovery, shift in reference 
level, and input attenuator compensation. 
Each of tliese cliaract eristics, where ap- 
plicable, can influence the overall accuracy 
of a measurement. By adding the tolerance 
figures of each characteristic, a “worst 
case” figure can be olitained for any par- 
ticular comparator measurement. For ex- 
ample, the overall accuracy of a dc level 
measurement of approximately 25 volts (2.5 
volts after XIO input attenuation) using a 
W unit w^ould be : 

Operator resolution (1mm 

at 10 mV/cm) 0.04 % 



Vc supply accuracy 0.15 % 

Vc readout linearity (0.05% 
of 11.0 volt range) 0.22 % 

CMRR (20,000:1) 0.005% 

Reference drift (ImV) 0.04 % 

Input attenuator accuracy 0.05 % 



Overall accuracy 0.505% 



A pulse measurement in which the signal 
was approximately 25 volts (2.5 volts after 
XIO input attenuation) with a width of 0.75 



microseconds would be : 

Operator resolution (1 mm at 
10 mV/cm) 0.04 % 

Vc supply accuracy 0.15 % 

Vc readout linearity (0.05% 
of 11.0 volt range) 0.22 % 

CMRR (20,000:1) 0.005% 

Reference drift (1 mV) 0.04 % 

Input attenuator accuracy 0.05 % 

I n put at ten ua to r com pen sa t i on 
(1% with 20 microseconds time 
constant) 1.00 % 

Reco V e ry offset ( 1 0 m V ) 0 .40 % 

Reference level shift (5 nW) 0.20 % 



Overall accuracy 2.105% 



The large influence of the input attenuator 
compensation (1%) in this example is due 
to tlie narrow width of tlie signal. When 
this width is increased to 100 microseconds, 
tlie overall accuracy figure is 0.958%. 

Tlie tolerance figures used to compute the 
overall figures can be obtained from the 
instrument instruction manual. The follow- 
ing formulas should be used to convert 
these figures to percentages where neces- 
sary. 

Vc readout linearity = 

Vc linearity (%) x range in volts 

'■■“w “ 

CMRR error is the reciprocal of the 

CMRR expressed as a percentage 

CMRR error (%) = 1/CMRR 

drift (volts) 

Reference drift “ x 100% 

Vc 



Error due to amplifier recovery 
offset (volts) 



Vc 



X 100% 



In the above formula, offset refers to the 
voltage that remains due to overdrive re- 
covery at the time a measurement is made. 



Error due to reference shift 
shift (volts) 



Vc 



X 100% 



M easur i ng Po t en t i o mete r C on fo rmi fy 

.A differential amplifier combined with a 
storage oscilloscope and test jig can be used 
to measure linearity, tracking, and backlash 
of potentiometers. The test setup is similar 
for all three measurements and is shown in 
Figure 15. 

Linearity (independent) : This term is de- 
fined as the maximum deviation, expressed 
as a percent of the total applied voltage, of 
the actual function characteristic from a 




Figure 15. Test setup to check potentiometers 
for linearity, tracking, and backlash. 

straight reference line with its slope and 
position chosen to minimize the maximum 
deviation over the actual electrical travel, or 
any specified portion thereof*. 

The test for linearity is a comparison be- 
tween a standard and unknown. .A standard 
potentiometer and the potentiometer to be 
tested are connected in the test circuit with 
their shafts mechanically coupled together. 
Both controls are set at the end of tlieir 
shaft rotation (zero volts out) and the 
differential amplifier and the oscilloscope 
are adjusted to position the start of the 
trace at the vertical midline. Since the hori- 
zontal trace is driven by the voltage from 
the standard potentiometer, tlie horizontal 
amplifier should be adjusted to make the 
complete rotation of the potentiometers 
correspond to degrees, i.e., degrees per hori- 
zontal centimeter. Thus, deviations in line- 
arity can be described in terms of voltage 
excess at specific points of shaft rotation. 
For example, a report on a test could read 
“20 mV beyond tolerance at 200° from ccw 
end.” 

With both potentiometers coupled together 
and connected to the amplifier, it only re- 
mains to determine the sensitivity setting of 
tlie amplifier before the actual test is run. 
Tills setting depends on the tolerance of 
the potentiometer under test. For example, 
:1:0.1% linearity would mean that the dif- 
ference voltage lie tween standard and un- 
known should not exceed 0.1% of the total 
voltage applied across the controls. Witli 
10.0 volts as a source voltage, the allowalile 
deviation is dz 0.010 volt. With the differen- 
tial amplifier sensitivity .set to 5mV/cni, 
the tolerance is ±2 vertical centimeters 
from the midline. 

The test is completed by turning the two 
controls througliout their range, cither by 
hand or driven by a slow- speed motor. The 
interpretation of the trace is simply whether 
it is within the tolerance limits prescribed. 

*From : Wirezvound Precision Potentiom- 

eters, an Industry Standard 
juiblished by the Precision Poten- 
tiometer Manufacturers Assn. 
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At this point the backlash** of the poten- 
tiometer can be checked by reversing the 
rotation of the control shafts and returning 
them to tlieir starting point. If no backlash 
is present, the new trace will exactly super- 
impose over the first. But with backlash, 
the new trace will be shifted, and the 
amount of this shift is a measure of the 
backlash. This same check can be made 
after the tracking measurement described 
below : 

Tracking: This term is defined as the 
difference at any shaft position between the 
output ratios of any two commonly actuated 
similar electrical elements expressed as a 
percentage of the single total voltage applied 
to them. 

In tracking, the measurement is : how 
closely do two or more ganged potenti- 
ometers have the same output voltage as 
the}' are rotated throughout their range? 
The test setup is the same as that shown in 
Figure 15. The specification is usually given 
as : should track within some percentage 
such as 1.0%. With this specification and 
10 volts applied across the potentiometers 

** Backlash : Defined as the maximum dif- 
ference in a shaft position 
that occurs when tlie shaft is 
moved to tlie same acutal out- 
put ratio point from opposite 
directions. Tliis measurement 
excludes the effect of resolu- 
tion and contact width. 



under test, the difference voltage should not 
exceed 1% of 10 volts or 0.1 volt. At 
these figures, the sensitivity of the differen- 
tial amplifier should be set to 0.05 V/cm. 
This corresponds to Hz 2 vertical cm. 

Backlash can also be checked as described 
above under linearity. However, in this 
case the results are total backlash for both 
controls. 

About the Author 

Joseph E. Nelson originally trained as a 
biochemist at Massachusetts Institute of 
Technology while a member of the U.S. 
Army. This was concurrent with 6 years 
as a clinical chemist in army laboratories 
during World War II. 

At the conclusion of World War II, he 
entered electronics with stress on communi- 
cations. During the fifties, while with 
Northrop Aircraft he became associated 
with standards and measurement techniques. 
He has published several articles on primary 
and secondary standards and their relation- 
ship to the calibration laboratory. 

With Tektronix he has served as a tech- 
nical writer of instruction manuals and cur- 
rently as an engineering writer of technical 
application and instructional articles. 

Drawing on his original training as a 
chemist, he is now active in seeking ways 
to apply electronic instruments such as dif- 
ferential amplifiers to the field of analytical 
chemistry. 

— The Editor 



ERRATA 

Figure 9 in Part I of Introduction to 
Oscilloscope Differential Amplifiers pub- 
lished in the August 1965 issue of Service 
Scope is incorrectly drawn. The probe 
shields, in all cases, should be shown 
grounded to the differential amplifier chas- 
sis as follows: 




Also in the article, Introduction to Oscil- 
loscope Differential Amplifiers under the 
heading Probes and Common -Mode Rejec- 
tion, 2nd paragraph, page 3, the statement, 
“Tektronix Type 190B Sine- wave Generator 
at 1 kl~lz,” should read, “General Radio 
Type 1210C Sine-Wave Generator set to 1 
kHz.” 




In this issue of SERVICE SCOPE we 
irutiatc our use of the IEEE STANDARD 
SYMBOLS FOR UNITS. Future issues 
of SERVICE SCOPE will continue to 
tjse this standard. 

The IEEE publication //:/:/: Trans- 

actions on IISGINTTRING WRITING 
AND SPliJiCH, Volume EW^S-8, No. 1. 
June 1965, presented tlie Symbols in an 
article entitled “IEEE Standard Symlxils 
for Units”. The S>'mbo]s first apfiearcd 
in the pulilication “IEEE vStandard S\'ni- 
bols for Units, No. 260 (Revision of Pan 



IEEE STANDARD SYMBOLS fOR UNITS 

of 51 Il’lE 21 Si), Januar}' 1965”.* The 
Standard SymViols for Units was compiled 
by the .Alilireviations Subcommittee of tbe 
IEE15 Symbols Committee. It represents 
four yairs of careful consideration, thor- 
ough discussion and plain hard work by 
many people. It is consistent with the rec- 
ommendations of the International Organ- 
ization for Standardization (ISO) and 
with tbe current work of the International 
1 ■' 1 e c 1 r o t ec 1 1 n i c a 1 C o i n m i s s i on ( I K C ) . 

Tektronix, Inc. Ik\s decided to follow 
the lead of the IEEE and adopt tlie Sym- 



bols for I huts as a standard for use in our 
texts, equations, in graphs and diagrams, 
on tlie panels and name plates. In so do- 
ing, we a{hnit, along with the IEEE, that 
the S\anl)ols for Units is not perfect. We 
do believe, however, that the potentialities 
it offers for better, unamlhguous communi- 
cation arc great. 

* Reiirints are available ($1.00 for lEIvE 
mcmlsers; $3.00 for nonmcmliers) from 
IEEE headquarters, 345 East 47 Street, 
New York. N.Y. 10017. 
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TEKTRONIX PARTS REPLACEMENT 
KIT 050-0226-00 — ATTENTION U.S. 
AIR FORCE INSTRUMENT-CALI- 
BRATION AND REPAIR PERSON- 
NEL 

The instruction sheet for parts replace- 
ment kit 050-0226-00 contains an error. 
This kit replaces the selenium rectifier 
stack SR741 or SR701 in the Type 180 A 
Time 'Mark Generator, or SR460 in the 
Type 31 5D Oscilloscope with a silicon 
rectifier bridge. The kit was produced 
as a special order for the U.S. Air Force. 

The error in the instruction sheet is im- 
portaiii onl3-' when the kit is used to re- 
place SR701 in the -|-350-V supply of the 
Type 180 A Time -Mark Generator. 




TYPE 180A 
+ 350 Supply 



Figure 1 (a). 



w-o-bk 




Figure 1 (b). 

Figure 1 (a) is a reproduction of the 
SR701 rectifier diagram as it appears in the 
instruction sheet. Here the plus (gy-o-bn 
wire) and minus (bare wire strap) leads 
are called out incorrectly. With SR701 con- 
nected in this manner, the resistor R701 will 
smoke and burn. Figure 1 (b) shows SR701 
connected properly. Notice that the plus and 
minus leads are connected the reverse of the 
way shown in Figure 1 (a). 

Our thanks to Sgt. Haist of the Port- 
land Air Force Base for calling this error 
to our attention. 

TYPE lAl DUAL-TRACE UNIT— VAR. 
ATTEN. BAL. CONTROL REPLACE- 
MENT 

The following information applies to 
Type lAl Dual-Trace Units with serial 
numbers below 360. 

R130 (Channel 1) and R230 (Channel 



2) are the parts list and schematic desig- 
nations for the potentiometers that serve 
as the \"AR. ATTEN. BAL. controls for 
Channel 1 and Channel 2 in the Tvpe lAl 
Unit. 

Starting with serial number 360, these 
potentiometers were replaced with a more- 
serviceable potentiometer (Tektronix part 
number 311-0459-00). This is the potenti- 
ometer \'ou should order when replacing 
R130 or R230 in units with serial numbers 
below 360. You should also order an adapt- 
er nut (Tektronix part number 220-0420-00) 
for each replacement potentiometer. The 
nut used to hold the original potentiometer 
will not fit the replacement. 

TYPE 555 DUAL-BEAM OSCILLO- 
SCOPE — FAILURE OF INTENSITY 
CONTROL TO TURN OFF BEAM 

The Type 555 Oscilloscope has two 
INTENSITY controls — one for the Up- 
per Beam and one for the Lower Beam. 
Inability of one of these controls to turn 
off its associated beam may be caused 
by failure of the type 5642 vacuum tube 
in the INTENSITY control’s circuit. 
Schematic designation of this tube is V822 
in the Upper Beam’s INTENSITY con- 
trol circuit or V922 in the Lower Beam’s 
INTENSITY control circuit. Replace- 
ment of the defunct 5642 tube will gener- 
alh' clear up the problem. 

TYPE M FOUR-TRACE PLUG-IN 
UNIT— CHANNELS A, B, C, AND D: 
CROSS-TALK REDUCED 

The addition of four 0.01 ^F capacitors 
(Tektronix part number 283-0050-00) will 
eliminate high-frequency cross-talk (ap- 
proximate! 3- 0.5% at 20 MFIz) in early Type 
M Four-Trace Units, serial numbers 101- 
3120. 

To add the capacitors, install a #2 sol- 
der lug (Tektronix part number 210-0001- 

00) under the socket-mounting screw near- 
est pin 2 of each V5323 tube socket. V5323 
is a t3'pe 7586 vacuum tube and there are 
four of them — one for each channel — in 
a T3'pe M Unit. Solder an 0,01 ^F capacitor 

1) etween pin 2 of the tube socket and tlie 
newly installed solder lug of each V5323 
tube. 

Designate the capacitor C5323 and add 
it to the parts list and schematic of tlie 
T}7)e M Unit’s Instruction Manual. 

Type M LInits, serial numbers 3120 and 
up have this modification installed at the 
factory. 

TYPE 3A3 DUAL-TRACE DIFFEREN- 
TIAL AMPLIFIER — UNSTABLE 
TRACE AND DC SHIFT 

Some Type 3.A3 Dual-Trace differential 
amplifier units within the serial number 
range 101-969, will sometimes exhibit an 
unstable trace and evidence of dc shift 



when the attenuator POSITION control 
is adjusted. This, when it occurs in Chan- 
nel 1, is caused by oscillations in transistor 
Q143 and (or) Q243, and, when it oc- 
curs in Channel 2, by oscillations in tran- 
sistors Q343 and (or) Q443. 

The cure is the addition of 4 ferrite 
cores (Tektronix part number 267-0532-00). 
Install a ferrite core on the #22 wire 
strap that runs between the emitter pin 
and tlie ceramic strip of each of the four 
transistors, Q143, Q243, Q343, and Q443. 
Designate the cores LI 43, L243, L343, and 



H25 




Figure 2. Partial schematic showing installa- 
tion of ferrite cores to emittter leads of Q143, 
Q243, Q343, and Q443 in the Type 3A3 
Unit. 

L443 as shown in Figure 2. Add them 
to the parts list and to the Channel 1 
Input Amplifier and the Channel 2 Input 
Amplifier schematics in your Type 3 A3 
Instruction Manual. 

TYPE 3A74 FOUR-TRACE PLUG-IN 
UNIT — PROTECTION AGAINST 
LARGE POSITIVE TRANSIENTS 

The addition of a 1 k, ^2 W, 10% re- 
sistor (Tektronix part number 302-0102-00) 
in early Type 3.A.74 Plug-In Units reduces 
the possibility of a failure of the Channel 
1 trigger-amplifier transistor, Q503, cau.sed 
by a large positive transient at the input 
connector. The new resistor replaces the 
wire strap between the collector and ground 
of the trigger-amplifier transistor Q503. 

Designate this new resistor R501 and 
add it to the parts list and schematic in 
the T\qie 3 A 74 Instruction Manual. 

This improvement is applicable to Type 
3A74 Units, .serial numbers 101-1309. In 
Units with serial numbers 1310 and up the 
protection is installed at the factor}’. 
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TYPE 2B67 TIME-BASE UNIT— PRO- 
TECTION FOR DIODE D126 

A grid-to-plate short in VI 35 (a 6DJ8 
vacuum tube) in the Type 2B67 Time-Base 
Unit, can cause damage to the diode D126, 
when the MODE switch is in the NOR- 
MAL position. 

Changing R1 37, a 100 12 ^ W, 10% resis- 



tor, to a 220 k, ^2 W, 10% resistor (Tek- 
tronix part number 302-0224-00) and 
paralleling it with a 68 pF, 500 V speed-up 
capacitor (Tektronix part number 281-0549- 
00) will protect D126 against this damage. 

R137 is located between pins 1 and 7 of 
VT35. 

Designate the new capacitor Cl 37 and add 
it to the parts list and schematic in your 



Type 2B67 Instruction Manual. Note also, 
in these sections of the Instruction Manual, 
the changed value for R137. 

This information is applicable to Type 
2B67 Units with serial numbers below 15380. 
Instruments with higher serial numbers 
have the new-value resistor and paralleling 
capacitor installed at the factory. 



NEW FIELD MODIFICATION KITS 



type 544, TYPE 546, and TYPE 547 
OSCILLOSCOPES — VERTICAL-OUT- 
PUT AMPLIFIER PROTECTION 

This modification protects the output 
transistors Q1114 and Q1134 in the Vertical 
Amplifiers of the above instruments (both 
conventional and rackmount versions) from 
excessive collector voltage. The excessive 
voltage is caused primarily by grid-to- 
cathode shorts in V707, a type 6080 series- 
regulator tube, in the -|-225 V supply. 

The protective circuit consists of a new 
transistor, Q1109, in series with the collector 
supply of the output-amplifier transistors 
Q1114 and Q1134. The base of Q1109 is 
returned to +100 V through a new 105 V 
zener diode (D1109). Should the +225 V 
supply go out of regulation, the fixed base 
voltage of Q1109 limits the output transis- 
tors collector voltage to approximately 205 
V. 

The new transistors and associated cir- 
cuitry are all mounted on a small sub- 
cliassis. This sub-chassis mounts near the 
rear of the input Vertical- Amplifier chassis 
using an existing hole in this chassis. 

This modification is applicable to the 
following instruments : 



TYPE 


SN’s 


544 


101-374 


RM544 


100-119 


546 


100-449 


RM546 


100-149 


547 


100-2343 


RM547 


100-259 


Order through 


your local Tektronix Field 



Office, Field Engineer, Field Representa- 
tive or Distributor, Specify Tektronix part 
number 040-0405-00. 

ALTERNATE/CHOPPED COMPATI- 
BILITY REWORK 

This modification kit is applicable to 
Type 531, Type 535, Type 541 and Type 
545 Oscilloscopes, sn’s 101-20000, that have 
had Field Modification Kit 040-0403-00 
(see SERVICE SCOPE, issue #5, Decem- 
ber, 1960) installed; and, Type RM31, Type 
RM35, Type RM41 and Type RM45, sn’s 
101-1000, that have had Field Modification 
Kit 040-0198-00-01 (see SERVICE 
SCOPE, is.sue #5, December, 1960) in- 
stalled. 

Installation of the .Alternate/Chopped 
Compatibilty Rework field modification kit 



gives to these instruments the ability to 
utilize the Alternate- Trace feature of tlie 
Type l.Al and Type 1A2 Dual-Trace Plug- 
In Units. 

These plug-in units require an alternate- 
trace sync pulse at pin 8 of the oscillo- 
.scope’s plug-in interconnecting socket. This 
pulse is not available in the oscilloscopes 
listed above. 

The Alternate-Trace/Chopped Compati- 
bility Rework field modification kit cor- 
rects this situation by replacing the 6J6 tube 
in the V78 position with a 6DJ8 tube and 
changing the oscilloscope’s Multi-Trace 
sync and Chopped-Blanking circuitry to 
conform to that in the Type 5 31. A, Type 
53 5. A, Type 541 A, Type 545.A/B, Type 546, 
Type 547, etc., oscilloscopes. 

To install the 6DI8 tube it is necessary 
to enlarge the socket-mounting hole and 
replace the original socket for the V78 
position with a 9-pin type. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representative 
or Distributor. Specify Tektronix part 
number 040-0404-00. 

12 KV HIGH VOLTAGE 



This modification is applicable to the 
following oscilloscopes : 



TYPE 


SN’S 


541 


101-20000 


RM41 


101-1000 


541 A 


20000-up 


RM41A 


1001 -up 


543 


101-3000 


RM43 


101-1000 


543A 


3001 -up 


RM43A 


1001-up 


545 


101-20000 


RM45 


101-1000 


545A 


20000-up 


RM45A 


1001 -up 


581 


101-3974 


581 A 


3975_4999=f= 


585 


101-5968 


58SA 


5969-8999* 


RM85A 


101-999* 


The modification 


replaces the origin; 



10-kV^ high-voltage transformer witli a 
12-k\'^ transformer, thus increasing the ert 
accelerating potential to provide greater 
intensity at fast sweep speeds. 

The vertical and horizontal deflection 
sensitivities of the ert are reduced approxi- 



mately 15%; a special graticule (supplied 
with the kit) is used to compensate for this 
reduction. All front panel and manual 
references to “CM” should be interpreted as 
“DIV”. For example, read “TTME/CM” 
as “TIME/DIV”. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0176-00. 

*NOTE: This kit can be installed in in- 
struments above these serial numbers pro- 
vided they have external-graticule ert’s. 
It can also be installed in those instruments 
above these serial numbers provided the 
instrument is first converted to an external- 
graticule ert. 

The external-graticule ert must be or- 
dered separately as follows: 

Crt, external grat. P31 phosphor (T5810- 

31), Tektronix part number 154-0354-00. 

Crt, external grat. Pll phosphor (T5810- 

11), Tektronix part number 154-0230-00. 

Steps 17 through 22 on page 4 of the 
modification’s instruction sheet tell how to 
remove the internal-graticule crt and install 
the external-graticule crt replacement. 

TYPE 530 AND TYPE 540 SERIES 
OSCILLOSCOPES — DC FAN MOTOR 

This modification supplies a dc fan motor 
to enable the following instruments to oper- 
ate on 50-400 cycle power lines. 



TYPE 


SN’s 


531 


5001-20000 


RM31 


101-1000 


533 


101-3000 


RM33 


101-1000 


535 


5001-20000 


RM35 


101-1000 


541 


5001-20000 


RM41 


101-1000 


543 


101-3000 


RM43 


101-1000 


545 


5001-20000 


RM45 


101-1000 


Order tii rough your local 


Tektronix Field 



Office, Field Engineer, Field Representative 



or Distributor. Specify Tektronix part 
number 040-0255-00. 
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THE TEKTRONIX TYPE 453 DUAL- 
TRACE DC-TO-50 MHz PORTABLE 
OSCILLOSCOPE 

Until rather recent!}^, the need for a 
sophisticated oscilloscope offering DC to 
50 MMz bandpass and versatile capabilities 
was, for the most part, confined to the 
laboratoi*}-'. The need toda}-' however, for 
an instrument with these qualities, extends 
beyond the laboratory into many areas of 
servicing, research and development. Ex- 
amples of these qreas are : computer in- 

stallations, radar and guidance systems, 
telemetry and microwave equipment, com- 
mercial aircraft, aerospace work, and de- 
fense systems. 

In addition to the capabilities stated above, 
an instrument designed for use outside 
the laboratory must be capable of with- 
standing a wide range of environmental 
conditions, be ruggedly constructed and 
compactly contained in a highly portable 
package. The Type 453 Dual-Trace, DC 
to 50 MEIz Oscilloscope is just such an 
instrument in just such a package. It pro- 
vides the highest performance compatible 
with cost and portability. It possesses 
rather extended environmental capabilities 
and delivers information with laboratory 
accuracy. 

The vertical amplifier system of the 
Type 453 Oscilloscope combines in one os- 
cilloscope many features normally avail- 
able only in a plug-in type instrument 
using several different plug-in units. These 
features amongst others are: (a) high 

gain, low bandwidth; (b) medium gain, 
high bandwidth; (c) lo\v gain, high band- 
width; (d) medium gain, medium band- 
width, dc coupled; (e) dual trace, low- 
gain, high bandwddtli ; and, to a not in- 
considerable degree, differential input ca- 
pability. 

Here, briefly, are some of this instru- 
ment's characteristics : 

1) . Dual-Trace Vert. 

2) , Signal Delay 

3) , 50 MHz basic Vert, bandwidth 

4) . 5 mV/div basic Vert, sensitivity 

5) . ] mV/div maximum Vert, sensitivity at 

reduced bandwidth (One Channel only 

— Ch 1 and Ch 2 cascaded). 

6) . 5 sec/div minimum sweep rate 

7) . 10 nsec/div maximum sweep rate (with 

X 1 0 magnifier) . 

8) , Full bandwidth triggering 

9) . Normal sweep plus delayed sweep 

10) . 6x10 div* (4.8 x 8 cm) vert, and 

hor. crt display size 

11) . 1 0 kV crt accelerating voltage 

12) , Only 1 00 W power consumption 

13) . 31 lbs weight complete with accessories 

The Type 453 maintains its full band- 
width of SOAIIdz to a sensitivity of 20 
mV/div, and drops to 45 MHz and 40 
MHz at 10 mV/div and 5 mVydiv respec- 
tive h'. 



It presents the usual five vertical display 
modes of dual -trace instrument.s — CH 1, CH 
2, ALT, CHOP, and ADDED, CH 2 has 
polarity selection to provide some differ- 
ential amplifer performance in the /'\DD 
Mode. Sampling rate for the CHOP Mode 
is 0.5 MFIz rather than 1 MHz — a relaxa- 
tion that reduces the loss of brightness due 
to chopped transient blanking. 

Internal triggering may be selected be- 
tw-een eitlier the displayed signal or that 
of a single channel. The latter selection 
enables stable triggering w^hen observing 
time related events in either of the dual- 
trace modes. 

The input impedance of 1 megohm par- 
alleled by 20 picofarad is compatible to 
previous laboratory instruments. 

All previous passive probes adjustable to 
tins input capacitance are applicable to the 
Type 453 Oscilloscope. However, a new 
lOX probe, the P6010, was designed .specifi- 
cally to provide a smaller tip for use with 
the increasingly compact equipment that it 
is anticipated this oscilloscope will service. 
This new probe's tip is pencil size and 
free of adjusttnent. 

Capacitance compensation is accomplished 
at the scope end of the probe. Twa) of 
these probes are shipped with each Type 
453 Oscilloscope. Bandwidth figures (luoted 
here include the effect of the P6010 probe. 

The Type 453 utilizes a four-inch, rec- 
tangular-faced crt which features an inter- 
nal graticule illuminated witli edge light- 
ing. The significantly improved display 
contrast of this crt provides enhanced 
viewung under high ambient light condi- 
tions. In addition, a fine mesh filter, placed 
in front of the crt, attenuates hot her. some 
external reflections for easier viewing. 

The Type 453 will operate on either 
115 V or 230 V nominal pow'cr-line sup- 



plies; and, wuthout the need to make in- 
ternal wiring changes. Two power cords 
are shipped with the instrument, one for 
115 V line supplies and one for 230 V line 
supplies. Selection of the correct power 
cords automatically adapts the instrument's 
power supply to the available line supply. 
The oscilloscope power supply automatically 
operates at either nominal voltage, when 
the appropriate power cord is inserted. A 
rear-panel switch permits operation on line 
voltage above or below nominal : high 

range — 103 to 137 volts or 206 to 274 volts, 
low range — 96 to 127 volts or 192 to 254 
volts (when line contains less than 2% 

total harmonic distortion). 

The Type 453 will accept the recently- 
announced Tektronix Type C30 Camera, 
thus assuring those whose applications re- 
quire it tlie capability of trace photogra- 
phy. 

Many wall find that in tlie laboratory 

(wdiere, incidently, it requires a minimum 
of bench space) the Type 453 delivers all 
the oscilloscope capability they require. In 
addition, it wall provide them wdth an 
easily transported instrument — remember it 
weighs only 31 pounds — for servicing 

ef{uipment or maintenance or research w-ork 
in the field. This can be a mighty im- 

])ortant consideration, particularly for tliose 
who must operate on limited budgets. 

The Type 453 Dual-Trace DC to 50 MHz 
Portable Oscilloscope offers many other 
features not described here. Full apprecia- 
tion of this advanced example of the state- 
of-the-art in portable oscilloscopes requires 
a demonstration of the instrument. 

May we suggest you call your Tektronix 
Field representative or distributor to ar- 
range one. He’ll be pleased to accommo- 
date you — no obligation on your part, of 
course. 

1 div = 0.8 cm 
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USEFUL INFORMATION FOR USERS OFTBCTRONIX INSTRUMENTS 



NUMBER 35 



THE FATAL CURRENT 



Strange as it may seem, most fatal elec- 
tric si locks happen to people who should 
know better. Here are some electro -medical 
facts that should make you think twice 
before taking that last chance. 

I/'s The Current That Kills 

Offhand it would seem that a shock of 
10,000 volts would be more deadly than 100 
volts. But this is not so ! Individuals have 
been electrocuted by appliances using ordi- 
nary liouse currents of 110 volts and by 
electrical apparatus in industry using as 
little as 42 volts direct current. The real 
measure of shock’s intensity lies in the 
amount of current (amperes) forced 
through the body, and not the voltage. Any 
electrical device used on a house wiring- 
circuit can, under certain conditions, trans- 
mit a fatal current. 

Wliile any amount of current over 10 
milliamps (0.01 amp) is capable of pro- 
ducing painful to severe shock, currents be- 
tween 100 and 200 mA (0.1 to 0.2 amp) 
are lethal. 

Currents above 200 milliamps (0.2 amp), 
wiiile producing severe burns and uncon- 
sciousness, do not usually cause death if 
the victim is given immediate attention. 
Resuscitation, consisting of artificial res- 
piration, will usually revive the victim. 

F'rom a practical viewpoint, after a person 
is knocked out by an electrical shock it is' 
impossible to tell how much current passed 
through the vital organs of his body. .Arti- 
ficial respiration must be applied immedi- 
ately if breathing has stopped. 

The Physiological Effects of Electric Shock 

Chart 1 shows the physiological effect of 
various current densities. Note that voltage 
is not a consideration. Although it takes a 
voltage to make the current flow, the 



amount of shock -cur rent will vary, depend- 
ing on the body resistance between the 
points of contact. 

As shown in the chart, shock is relatively 
more severe as the current rises. At values 
as low as 20 milliamps, breathing becomes 
labored, finally ceasing completely even at 
values below 75 milliamps. 

As the current approaches 100 milliamps, 
ventricular fibrillation of the heart occurs — 
an uncoordinated twitching of the walls of 
the heart’s ventricles. 

Above 200 milliamps, tlie muscular con- 
tractions are so severe that the heart is 
forcibly clamped during the shock. This 
clamping protects the heart from going into 
ventricular fibrillation, and the victim’s 
chances for survival are good. 

Danger — Lozv Voltage! 

It is common knowledge that victims of 
high-voltage shock usually respond to arti- 
ficial respiration more readily than the vic- 
tims of low -voltage shock. The reason may 
be the merciful clamping of the heart, owing 
to the high current densities associated with 
high voltages. However, lest these details 
be misinterpreted, the only reasonable con- 
clusion that can be drawn is that 75 volts 
are just as lethal as 750 volts. 

The actual resistance of the body varies 
depending upon the points of contact and 
the skin condition (moist or dry). Between 
the ears, for example, the internal resistance 
(less than skin resistance) is only 100 ohms, 
while from hand to foot it is closer to 500 
ohms. The skin resistance may vary from 
1000 ohms for wet skin to over 500,000 
ohms for diw skin. 

When working around electrical eciuip- 
ment, move slowly. Make sure your feet 
are firmly placed for good balance. Don’t 
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lunge after falling tools. Kill all power, 
and ground all high-voltage points before 
touching wiring. Make sure that power can- 
not be accidentally restored. Do not work 
on underground equipment. 

Don't examine live equipment when men- 
tally or physically fatigued. Keep one hand 
in pocket while investigating live electrical 
eciuipment. 

Above all, do not touch electrical equip- 
ment while standing on metal floors, damp 
concrete or other well grounded surfaces. 
Do not handle electrical equipment while 
wearing damp clothing (particularly wet 
shoes) or while skin surfaces are damp. 

Do not work alone ! Remember the more 
you know about electrical equipment, the 



more heedless you're apt to become. Don’t 
take unnecessary risks. 

IV hat To Do For Victims — 

Cut voltage and/or remove victim from 
contact as quickly as possible — ^l)ut without 
endangering your own safety. Use a length 
of dry wood, rope, blanket, etc., to pry or 
pull the victim loose. Don't waste valuable 
time looking for the power switch. The re- 
sistance of the victim's contact decreases 
with time. The fatal 100 to 200 - mil li ampere 
level may be reached if action is delayed. 

If the victim is unconscious and has 
stopped breathing, start artificial respira- 
tion at once. Do not stop resuscitation until 



im 



Some readers have indicated an interest 
in articles written by Tektronix personnel. 
For these readers’ information, we list here 
the title of the article, the author, the 
author’s title, the publication in which the 
article appeared and the date of the issue. 
We include also, a thumb-nail sketch of 
the article’s content. 

Reprints of these articles are available 
through your local Tektronix Field Of- 
fice, Field Engineer, Field Representative 
or Distributor. 

They are offered on a first-come, first- 
serve basis. When quantities are exhausted 
the\^ will not be reordered. Another possi- 
ble source for the articles is the back- 
issue file (in a public or company library) 
of the magazine in which the article orig- 
inally appeared. 

“Straight Scoop on Sampling Scopes”, 
Cliff Moulton, Project Engineer (former 
empl oyee ) . MICRO IV A V E S , F eb r uar}^ , 
1963. An early explanation of tlie sampling 
oscilloscope. What is is, how it works, 
how the various circuits differ from the 
conventional oscilloscope. 

“Pulse Reflections Pin Down Discontinu- 
ities”, Gordon Long, Design Engineer. 
ELECTRONIC DESIGN, May 10, 1963. 
Using a sampling oscilloscope to obtain 
high resolution measurements when using a 
pulse- re flection technique to test transmis- 
sion lines. 

“The Cathode Ray Oscilloscope”, Will 
Marsh, Staff Engineer. MACHINE DE- 
SIGN, June 6, 1963. Using an oscilloscope 
to obtain precise (and sometimes otherwise 
unobtainable) information in the field of 
mechanical design. 



“Storage to Picoseconds — a Surve}^ of the 
Art”, C. N. Winningstad, Manager, Dis- 
play Devices Development. ELECTRONIC 
INDUSTRIES, June, 1963. A comparison 
of the sampling oscilloscope with the con- 
ventional oscilloscope in a series of topics 
including risetime, sensitivity, display modes, 
system interaction and interference, and 
continuing accent on tubes. 

“Understanding Operational Amplifiers”, 
Geoff ery Gass, Staff Engineer. ELEC- 
TRONIC INDUSTRIES, Vebriiary, 1964. 
.An explanation of operational amplifiers 
and how they work. 

“The Sophisticated Oscilloscope”, John 
Kobbe, Manager, Advanced Circuitry De- 
partment. IND U ST RIAL RESEA RCH, 
March, 1964. A discussion of present-day 
oscilloscopes and the techniques employed to 
record oscilloscope data. 

“How To Get More Out of Your Spec- 
trum Analyzer”, A. Frisch and M. Engel - 
son. Project Managers, MICROWAVES, 
May, 1963. Describes five useful micro- 
wave measurements that can be performed 
with a spectrum analyzer. 

“Measuring the Cost of Programmed In- 
struction”, Fred Davey and Jerry Foster, 
Programmed Instruction Group. ADMIN- 
ISTRATIVE MANAGEMENT, Septem- 
ber, 1964. Some guide lines for companies 
considering the feasibility of writing their 
own programs. 

“How To Measure High -Current Recov- 
ery Times in Signal Diodes”, C. C. Edgar, 
Design Engineer. E,EE (Electrical Equip-' 
ment Engineer), October, 1964. A technique 
for pulsing a diode on and off with cur- 



medical authority pronounces the victim be- 
yond help. It may take as long as eight 
hours to revive the patient. There may be 
no pulse and a condition similar to rigor 
mortis may be present ; however these are 
the manifestations of shock and are not an 
indication the victim has succumbed. 

— Printed through the 
courtesy of 

Fluid Controls Co. Inc., 

Cliffside, New Jersey, 

University of California 
Information Exchange 
Bulletin and Safer 
Oregon. 



rent of 1 amp or higher and observing the 
current through the diode for the recovery 
time. 

“Nanosecond Measurements with a Sam- 
pling Oscilloscope”, H. Allen Zimmerman, 
Project Engineer. ELECTRO-TECHNOL- 
OGY, January, 1965. A description of the 
sampling process and a discussion of the 
usefulness and versatility of a sampling 
oscilloscope. 

“Oscilloscope Plug-In Spectrum Ana- 
lyzers”, Weis, Engelson, and Frisch, Proj- 
ect Engineers. MICROWAVE JOURNAL, 
March, 1965. Discusses the advantage of a 
plug-in spectrum analyzer as compared to 
a conventional spectrum analyzer. 

“Design of Transistorized DC Ampli- 
fiers with Reduced Thermal Drift”, Jerry 
Foster, Programmed Instruction Group. 
ELECTRONICS AND COMMUNICA- 
TIONS (Canada), March, 1965. A dis- 
cussion of one of the prime considerations 
during the design stage of semiconductor/dc 
amplifier circuits — thermal compensation. 

“Using a Transistor- Curve Tracer”, Ralph 
Show, Instrument Engineering, ELEC- 
TRONICS WORLD, September, 1965. An 
explanation of the operation principles of 
the transistor -curve tracer. The method of 
interpreting curves to obtain i)arameters is 
also covered. 

“The Sampling Oscilloscope”, compiled 
from information supplied by Tektronix, 
Inc. EDN (Electrical Design News) Test 
Instrument Reference issue, 1965. How a 
sampling system w'orks. How it buys sen- 
sitivity at the price of time. Some applica- 
tion techniques. 
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TYPE lAl WIDE-BAND DUAL-TRACE 
UNITS — OSCILLATIONS IN THE 
“ADD” MODE 

Sometimes at turn on, an oscilloscope 
with a Type lAl Unit plugged into the 
vertical amplifier compartment will display 
a 10 MHz oscillation on the crt. See Fig- 
ure 1. 

This only occurs when the oscilloscope 
is turned on with the MODE control in 
the ADD position. The phenomena is nor- 
mal and occurs because : with the MODE 
control in the ADD position, both halves 
of the channel -switching multivibrator 
(Q305 and Q315) are normally biased on. 
However, during the oscilloscope turn-on 
cycle, when the powder relay (K601) pulls 
in, the resulting power- supply transients 
may turn off one side of the multivibrator 
and it wdll go into oscillation. 

Switching the MODE switch out of ADD 
kills the oscillation and it wdll not come 
back unless you repeat the oscilloscope 
turn-on cycle wdth the Type lAl in the 
ADD mode. 






Figure 1. Typical oscillation waveform, caused 
by conditions described in text, displayed 
on a Type 547 Oscilloscope. Sweep rate 
0.1 /is/cm. Waveform will be different on 
Type 545 (A), (B) Oscilloscopes but fun- 

damental frequency will still be about 10 
MHz. 



TYPE RM529 WAVEFORM MONITOR 
—TERMINOLOGY 

Early Type RM529 Waveform Monitors, 
sn’s 101-399, use the term s ODD and 
EVEN to designate the tw-o positions of 
the FIELD SHIFT switch. Subseciuent 
to the introduction of the Type RM529, 
the Federal Communications Commission 



(FCC) chose to designate these fields as 
Field One and Field Two. This new sys- 
tem of designating the fields may be re- 
lated to the ODD and EVEN terminology 
as follows : Field lAvo corre.sponds to the 
ODD position and Field One corresponds 
to the EVEN position of the FIELD 
SHIFT swatch on the early T\-pe RM529 
instruments. 

Beginning with serial number 400 in the 
Type RM529 we changed the front panel 
terminology. The designation for the 
FIELD SHIFT switch became FIELD and 
the two positions of this switch were re- 
labeled to conform to the FCC’s designa- 
tion for fields of ONE and TWO. 





^^Sfarf of Field 1 _ 

— 

■---Qrl 

Start of Field 2 ^ 



Figure 2. Waveform display showing that 
Field One is preceded by a full line of 
video (A) and Field Two by a V 2 line of 
video (B). (C) and (D) indicate the 

equalizer pulses in the vertical blanking 
interval that determine correct instrument 
triggering. 

Notice in the display shown in Figure 
2, that Field One is preceded by a full line 
of video and Field Tw^o by p 2 line of video. 
(A and B in photo). 

The Type RM529 actually uses the posi- 
tion of the first sync pulse after the last 
equalizer in the vertical blanking interval 
to determine correct instrument triggering. 
(See C and D in photo). The FIELD 
SlilFT (FIELD) switch selects and indi- 
cates the field wLich will initiate the sweep 
in all modes of operation. Hence, with the 
sw'itch set to ONE, the vertical sync group 
seen at mid screen is the start of Field 
Tw'o. Note the p 2 line of video that pre- 
cedes this group. 



TYPE 544, TYPE 546 AND TYPE 547 
OSCILLOSCOPES — USING THE AM- 
PLITUDE CALIBRATOR WITH A 
TYPE ISl SAMPLING PLUG-IN UNIT 

Amplitude Calibrator circuits in Tek- 
tronix instruments prior to the Type 544, 
Type 546 and Type 547 Oscilloscopes, were 
not intended to be loaded wdth anything 
less than 1 megohm. Consequently no ef- 
fort w^as made to design the calibrator 
circuits to have a constant impedance. For 
the Type 544, Type 546 and Type 547 
Oscilloscopes, however, we designed an 
Amplitude Calibrator circuit that, within 
the 0.2 millivolt to 0.2 volt range, delivers 
voltages having a constant 50 ohm source 
impedance. Tlie development of the Type 
ISl Sampling Plug-In Unit which has a 
50 ohm input impedance made such a cali- 
brator desirable. 

Here is a word of explanation for those 
using a Type ISl in a Type 544, Type 546 
or Type 547 Oscilloscope and looking at the 
calibrator with the AMPLITUDE CALI- 
BRATOR control set to one of the 0.2 
mill v'oit to 0.2 volt (50R constant source 
impedance) positions. 

If you are checking the gain of the Type 
ISl (remember, it has a 50 H input im- 
pedance) you wdll find that the gain of the 
Type ISl appears to be 50% low'. This 
is normal — the calibrator voltage indicated 
by the AMPLITUDE CALIBRATOR 
control wdll be twdee the voltage available 
at the input of the Type ISl. In other 
w’ords, given a voltage wdth a 50 B source 
impedance and a 50 R load, the voltage 
across the load wdll be one-half the volt- 
age of the generator. 

One can look at it as showm in Figure 
3, with the Amplitude Calibrator acting as 



«s=50a 
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Figure 3. Simplified equivalent circuit rep- 
resenting the Amplitude Calibrator of a Type 
544^ Type 546, or Type 547 Oscilloscope 
and a Type ISl Sampling Unit. 




the generator with a source impedance of 
50 12 and the Type ISl with an input im- 
pedance of 5012 acting as the load. Tf the 
Amplitude Calibrator open circuit voltage 
is 2E, then the voltage across the load will 
be E. So, if the Amplitude Calibrator is 
set for 0.2 volts one should read 100 milli- 
volts on the Type ISl. 



In some Type 125 Power Supplies, rip- 
ple on the "(-135 V supply may exceed 
specifications (3 mV^ max). This is gen- 
erally due to stray pick-up at the grid of 
V667A, one half of a Type 6P>A8A tube 
that forms half a comparator circuit (V6278 
and its circuitry form the other half). The 
solution to the problem is the addition of 
an 0.1 mPd, 200 V discap (Tektronix part 



TYPE 1A2 DUAL-TRACE PLUG-TN 
UNTT—NEW SHAFT COUPLER IM- 
PROVES VARIABLE VOLTS/CM PO- 
TENTIOMETER RELIABILITY 

Tf you should have occasion to replace 
tlic Variable Volt s/C M t)otentiometer in 
your Type 1A2 Dual-Trace Plug-In Unit, 
we suggest you also replace the control 
shaft and coip^ler. We now have a new 
style flexible shaft -coupler that secures with 
set screws and a new control rod to connect 
the t^otentiometer with the front panel con- 
trol. Tektronix part numbers for the new 
parts are: 

Coupler 376-0054-00 

Control Rod 384-0276-00 

The nylon pot-coupler formerly used re- 
(luires a hard push to force the coupler 
.sleeve onto the potentiometer shaft. The 
exercise of too much force here can cause 
damage to the potentiometer. The new 
type coupler and control shaft eliminate 
tins hazard. 

This information applies to T>^pe LA 2 
instruments with serial numbers below 1160. 



We might mention here that when using 
the Amplitude Calibrator of a Type 544, 
Type 546 or Type 547 Oscilloscope in con- 
junction with a plug-in unit or other device 
having a high input impedance, the volt- 
age delivered at the input of the plug-in 
or device will agree with the value indi- 
cated by the AMPLITUDE CALIBRA- 
TOR control setting. 



number 283-0057-00) from the grid, pin 2, 
of V667A to the ground lug of the V667 
tube socket. See Figure 4. 

Designate the new cajiacitor C619 and 
add it to the parts list and schematic in 
your Type 125 Instruction Manual. 

This modification is applicable to Type 
125 Power Supplies, serial numl)crs 101- 
2169. 



TYPE 2B67 TIME-BASE UNIT — STA- 
BILITY ADJUSTMENT RANGE 
MADE LESS CRITICAL 

In the early 2B67 Time- Base Units (be- 
low sn 10630), it was sometimes hard to 
find ti com])romise Stability Adjustment 
setting for both the NORMAL and SIN- 
GLE SWEEP operating modes. Changing 
resistor R126 from 220 k to a 680 k, p 2 W, 
10% resistor (Tektronix part number 302- 
0684-00) usually solves the problem. The 
original value of the resistor was chosen 
to compensate for tlie “st)ec” leakage in 
the transistor Q124, but few if an>’ of the 
transistors ever develop this much leakage, 
resulting in over com pen sat ion. 

R126 is located iv\ the front notches of 
the pair of ceramic strips that bracket the 
sweep -length potentiometer R176. After 
converting R126 to the new (680 k) value, 
l)c sure to note the new value in the sche- 
matic and parts list of your Type 2B67 
I n St rue t i on Alanual . 

All Type 2B67 Time-Base Units, sn’s 
10630 and up have the modification in- 
stalled at the factory. 



TEST SET UP CHARTS 

We would like to bring our readers up 
to date on the Test Set Up Charts now 
available. 

As you may recall, the charts offer a 
ready means of recording instrument con- 
trol settings for any given test or produc- 
tion set-up. For the laboratory this means 
that in so far as the oscilloscope is con- 
cerned, one need no longer rely on memory 
if the need to repeat the test should occur 
at a later date. Once the experiment or test 
has been performed, the oscilloscope con- 
trol settings can be recorded on the test 
set up chart, a facsimile of the waveform 
resulting from the test drawn on the chart 
graticule (or a photograph of the wave- 
form attached to the chart) and pertinent 
data recorded on the chart. 

For production testing, an engineer gen- 
erally devises the test procedure required 
to attain the desired result. He then desig- 
nates the control settings on the chart and 
draws a picture of the display on the chart 
graticule, outlining the limits for accept- 
ance or rejection. The production-test facil- 
ity takes over at this point and performs 
the test witli speed and accuracy. Often 
a non -technical person can handle this phase 
and release a highly trained person for 
more important work. 

We know of several instances where girls 
from tile production test line who had 
little or no experience with an oscilloscope, 
set up the oscilloscope and successfully 
performed the test required. These girls 
were able to do this using a previously 
prepared Test Set Up Chart and they re- 
quired only a minimum of additional in- 
struction. 

Listed below are the oscilloscopes for 
which we now have Test Set Up Charts; 



OSCILLOSCOPE 


TEKTRONIX PART 
NUMBER 


Type 


262 


070-0491-00 


Type 


422 


070-0513-00 


Type 


453 


070-0529-00 


Type 


502 


070-0482-00 


Type 


502A 


070-0488-00 


Type 


503 


070-0483-00 


Type 


531 


070-0492-00 


Type 


532 


070-0493-00 


Type 


541 


070-0494-00 


Type 


545A/CA 


070-0481-00 


Type 


545A/R 


070-0485-00 


Type 


545A/Z 


070-0486-00 


Type 


547/1A1 


070-0479-00 


Type 


561 A/2A60/ 






2B67 


070-0540-00 


Type 


567 


070-0487-00 


Type 


567/262 


070-0490-00 


Type 


570 


070-0484-00 


Type 


575 


070-0480-00 


Type 


575 


070-0489-00 


(MODI 22C) 





Order through your local Tektronix Field 
Office, Field Engineer, Field Rep resen ta- 



TYPE 125 POWER SUPPLY— EXCESSIVE RIPPLE IN +135 V SUPPLY 





CHANGE 



Figure 4, Before and After schematics showing installation of 0.1 discap in the -f*135V supply 
of the Type 1 25. 
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live or Distributor. Tlie Test Set Up 
Charts come in pads of 100. 



TYPE 545B AND TYPE RM545B OS- 
CILLOSCOPES — TIMING ERROR AT 
SLOW SM'EEP RATES 

In some Type 545B and Type RM545B 
instruments, a timing- error may occur in 
tlie Time Base B Generator. The error, 
when it occurs, affects only tlie slow- sweep 
rates. It is caused by .shield-to-cathode 
current leakage in V252, tiie dual-triode 
12AL5 tube that serves as the disconnect 
diodes in the Time Base B Generator. 

To cure the problem, disconnect, at 
ground, the #22 bare wire strap that runs 
from pin 6 of V252 to ground and recon- 
nect it to pin 7 of V252. 

This information applies to Type 545B 
instruments with serial numbers below 2021 
and to Type RM545B instruments with 
serial numbers below- 410. 

TYPE 525 WAVEFORM MONITOR ~~ 
PROTECTION FOR THE HIGH 
VOLTAGE TRANSFORMER 

High line voltage or excessive line tran- 
sients can cause failure of the High Volt- 
age Transformer (T940) in the Type 525 
Waveform Monitor. As jirotection against 
this hazard, w^e suggest the installation of 



a 390 P, 2 W, 10% resistor (Tektronix 
part number 306-0391-00). Install the re- 
sistor between the primary center tap of 
T940 and the +unregulated dc (360 V) 
sut)i)l}-. 

Tills information applies to Type 525 
instruments, all serial numbers. 

TYPE RM561A OSCILLOSCOPE — 
HIGH VOLTAGE RIPPLE IN THE 
-1-125 V SUPPLY 

Should you be troubled wdth high volt- 
age rii>ple in tlie -f-^25 V supply of a T}‘pe 
RM561A Oscilloscope, check C642 (A, B). 
a 160 gFd X 10 gFd, EMC capacitor in the 
pow-er supply of the Type RM561A. Be 
sure that tlie twist tabs on this capacitor 
have a good low- -resistance contact wdth the 
capacitor flange — and that they are secure- 
ly soldered to the flaruje. 

Failure of these twdst tails to make a good 
low^- resistance contact wdth tlie flange ma>- 
cause the Type RM561 A to develop ex- 
cessive high-frequency (HV oscillator) rip- 
ple in the +125 V supply. Amplitude of 
the riiiple may measure up to 20 or 30 milli- 
volts as against one or twai millivolts nor- 
mally. Actual ripple values and the ef- 
fects on the display wdll vary considerably 
among instruments, wdth time and various 
plug-in type. 

Because ol: a temporary change in assem- 
bly procedure, Type RM561.A Oscilloscopes 



wdthin tlie serial number range of 7800- 
8020 are more prone to the problem de- 
scrilied here than other Type RM561A in- 
struments. 

TYPE 567 AND TYPE RM567 DIGIT- 
AL READOUT OSCILLOSCOPES^IN- 
STALLATION OF IMPROVED CALI- 
BRATOR MOD KIT 

The calibration procedure for the Im- 
proved Calibrator Modification Kit (Tek- 
tronix part number 040-0380-00. See Serv- 
ice Scope #32, June, 1965) calls out a 
procedure to check the ground side of the 
square waive. This should be wdthin 0.001 
of ground. Measuring this wdth a Fluke 
voltmeter you wdll find this tolerance can- 
not be met. The reading wdll typically be 
50-100 mV or higher. The cause appears to 
lie a pulse that is coupled tlirough, even wdth 
Q925 removed, wdiich affects the reading 
ol the Fluke voltmeter. 

Measuring the base line wdth a Type W 
High-Gain Differential Comparator Unit 
you wdll find the base line wdthin 0.5 mV 
wdth a pulse riding on it of some 4.5 V am- 
plitude and a microsecond or so wdde at the 
50% point. Y ou wdll need to either make 
this measurement wdtli the Type W Unit 
or to remove Q914 as w’dl as Q925. This 
eliminates the pulse and allows the Fluke 
voltmeter to give an accurate reading. 




TYPE 67, TYPE 2B67, TYPE 3R1, 
TYPE 3B3 AND TYPE 3B4 TIME 
BASE UNITS — SAWTOOTH DRIVE 
FOR TYPE 3L10 SPECTRUM ANA- 
LYZERS 

This modification provides a sawdooth 
signal at pin 18 of the interconnecting 
plug of the above time-base units. Tins 
sawdooth signal is required 1)}' the T\'pe 
3L10 Spectrum Analyzer Plug-In Units to 
drive the analyzer's Sw'ept Oscillator. 

The sawdooth signal is a standardized 
current T'dinp of 66 A /cm (nominal) fed 
from the sawdooth catliode follow-^er of the 
time-base unit via a standardizing resistor 
to pin 18 of the time base interconnecting 
pi tig. 

The current signal wdll drive a low- 
impedance circuit, such as the minus input 
of an operational amplifier or tlie emitter 
of a transistor, wdth a positive-going linear 
ramp of current. It wdll not drive iW’O cir- 
cuits (e.g. 3L10 and sawdooth out) at the 
same time, nor wdll it successfully serve 
as a “voltage" signal source — especially at 
faster sweep rates. The high source im- 
pedances of til is signal prevent excessive 
cross-talk of the sw'eep signal into vertical 
plug-ins in wdiich pin 18 of the intercon- 
necting plug is open. 



The sawdooth is provided by adding the 
standardizing resistor to the ceramic strips 
above the time base Sawdooth Cathode Fol- 
low'd*. The standardizing resistor is con- 
nected betw'ecn the cathode of tlie Sawdooth 
Cathode Follower and a length of coaxial 
cable. The other end of the coaxial cable 
is connected to pins 18 and 19 of the time- 
base interconnecting plug. 

This modification is applicable to the 
followdng time base units : 



Type 


SN 


67 


101-5000 


2B67 


5001-15179 


3B1 


101-4039 


3B3 


100-4269 


3B4 


100-739 



a standard 19-inch relay rack. A vertical 
front panel space of 17p2 inches is required. 

Tlie modification kit is applicable to the 
followdng Tektronix Oscilloscopes: T 3 die 

524AD, 531, 532, 535, 541, 545 and 570; 
serial numbers 5001 and up. Also, to Type 
531 A, 533, 533A, 535A, 536, 541 A, 543, 
543A, 543B, 544, 545A, 545B, 546, 547, 
575, 581, 581 A, 585, 585 A and 661, all 
serial numl)ers. 

Order through your local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix Part Number 040-0281-00. 



TYPE 180 TIME-MARK GENERATOR 
SILICON RECTIFIER 



Order through 3 'our local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix Part Number 040-0413-00. 



CRADLE MOUNT — FOR LISTED OS- 
CILLOSCOPES 

This modification kit supplies a cradle- 
mount assemldy that allow'S the instru- 
ments listed below- to be rackmounted in 



This modification kit replaces the sele- 
nium rectifier SR401 in the Type 180 wdth 
a silicon rectifier. Silicon rectifiers offer 
more reliability and longer life. 

The modification kit also adds a series 
resistor to compensate for the low-er volt- 
age loss through the new^ silicon rectifier. 

Order through your local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix Part Number 040-0213-00. 



5 



DC FAN MOTOR 
OSCILLOSCOPES 



— FOR LISTED 

This modification installs a DC fan 
motor assembly, a transformer and rectifi- 
er assembly, and a neon bulb assembh’ to 
allow the oscilloscope to operate on a 
50-400 cycle power line suppl}^ It is ap- 
plicable to the following instruments : 



TYPE 


PART NUMBER 


531A 


22074-up 


RM31 A 


1508-up 


533A 


3001 -up 


RM33A 


1001-up 


535A 


24350-up 


RM35A 


1851-up 


541A 


21455-up 


RM41 A 


1190-up 


543A 


3001 -up 


RM43A 


1001-up 


545A 


27703-up 


RM45A 


1 893-up 



It is also applicable to instruments which 
have the DC Relay Field Modification Kit 
(Tektronix Part Number 040-258) in- 
stalled. 

Order through your local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix Part Number 040-0233-00. 



TYPE lAl DUAL-TRACE PLUG-IN 
UNIT — ETCHED CIRCUIT CARDS 
IMPROVEMENT 

This modification involves the Etched 
Circuit cards (Channel 1 Input Amplifier, 
Channel 2 Input Amplifier and the Output 
Amplifier) and the 14 wires that connect 
these boards with other parts of the Type 
lAL 

Original equipment employed a jack-type 
connector on the etched circuit board and a 
pin-t^'pe connector on the associated inter- 
connecting wire. This modification reverses 
the procedure. It installs interconnecting 
wires employing an improved jack-type 
connector on the etclied-circuit-board end of 
the wire and installs pin- type connectors at 
the associated locations on the etched cir- 
cuit board. Four of these locations use 45° - 
angle pin-type connectors. This is to pre- 
vent the bending or breaking of the con- 
nector in the event the etched circuit board 
is removed without disconnecting these con- 
nectors. The other ten locations use a 
straight pin -type connector. 

The improved jack-type connectors re- 
duce tlie failures caused hy faulty contact 
in the old connectors. The new connectors 
also realize a reduction in noise caused 
by intermittent contact between pin and 
jack in the old connector. 

This modification is applicable to Type 
lAl instruments with serial numbers 101 
through 3179 that have the following etched 
circuit cards installed : 



Channel 1 Input Amplifier — Models 
1 & 2 

Channel 2 Input Amplifier — Models 
1 & 2 

Output Amplifier — Models 1 through 7. 

Order through your local Tektronix 
Field Office, Field Engineer, Field Rep- 
resentative or Distributor. Specify Tek- 
tronix part number 040-0402-00. 



TYPE 531, TYPE 535, TYPE 541, TYPE 
545 OSCILLOSCOPES ™ CHOPPING- 
TRANSIENT BLANKING 

This modification provides a means of 
eliminating switching transients from the 
crt display by applying a blanl<ing voltage 
to the crt cathode. Switching transients 
occur wlien a multiple-trace plug-in unit is 
operated in the chopped mode. The blank- 
ing voltage is applied by means of a crt 
C.XtHODE SELECTOR switch installed 
on the rear panel of the oscilloscope. 

A 6DJ8 tube replaces the 6AU6 tube in 
the V78 position of the multi -trace unit's 
Sync- Amplifier circuit. One half of the 
new tube is used as the Sync Amplifier ; 
the other half is used to generate the blank- 
ing pulse. 

Installation of the modification involves 
replacing the old 7-pin socket for V78 with 
a 9-pin socket to accommodate the new 
6DJ8 tube. Also, the addition of a crt 
CATHODE-SELECTOR switch to rear 
panel of the oscilloscope plus other minor 
circuit changes. The instructions divide the 
modification into several parts to facilitate 
the installation in the specific instrument at 
hand. 

This modi fiction is applicable to the 
T}'pe 531, 535, 541 and 545 Oscilloscopes 
with serial numbers 101 through 19999 and 
Type RM31, RM35, RM41, and RM45 
Oscilloscopes with serial numbers 101 
through 999. 

Order through your local Tektronix Field 
Office, Field Engineer, Representative or 
Distributor. Specify Tektronix Part Num- 
ber 040-0403-00. 



TYPE 180A TIME-MARK GENERA- 
TOR »- SILICON RECTIFIERS 

This modification kit replaces the sele- 
nium rectifiers in the Type 180A Time- 
mark generator with silicon rectifiers which 
offer more reliability and longer life. It is 
applicable to Type 180 A instruments, sir’s 
5001-6385 with the exception of sir’s 6380 
and 6381. These two instruments were modi- 
fied at the factory. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0214-00. 



TYPE 531, TYPE 535, TYPE 541 AND 
TYPE 545 OSCILLOSCOPES -TRIG- 
GER IMPROVEMENTS 

This modification installs the PRESET 
STABILITY and fully automatic TRIG- 
GER MODE capabilities in the following 
oscilloscopes : 

Type SN 

531 608-6019 

535 1075-6044 

541 101-5414 

545 101-5945 

Setting the STABILITY control to the 
PRESET position establishes an optimum 
setting for correct triggering in most appli- 
cations. Normally the control will require 
no further adjustment. 

In the Improved AC AUTO Trigger 
Mode, the STABILITY and TRIGGER- 
ING LEVEL controls do not function and 
triggering becomes fully automatic. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specif}^ Tektronix Part 
Number 040-0152-00. 



TYPE 515, TYPE 515A, AND TYPE 
RM15 OSCILLOSCOPE — SILICON 
RECTIFIERS 

This modification replaces the selenium 
rectifiers in the Type 515, T}q)e 51 5 A and 
Type RM15 Oscillo.scopes with silicon recti- 
fiers. The new rectifiers offer better re- 
liability and longer life. 

The installation consists of removing the 
original selenium rectifiers and installing 
a new silicon-rectifier bracket assembly 
and three additional resistors. The three 
resistors compensate for the lower voltage 
loss occasioned by the new rectifiers. 

Order through your local Tektronix Field 
Office, Field Engineer, Representative, or 
Distributor. Specify for: 



Tektronix 



Type 


Serial Number 


Part Number 


RM15 


101-1000 


040-0205-00 


515 


1001-4029 


040-0205-00 


515A 


101- 755 


040-0208-00 



TYPE 315D OSCILLOSCOPES — SILI- 
CON RECTIFIERS 

This modification kit replaces the sele- 
nium rectifiers in the Type 31 5D Oscillo- 
scope with silicon rectifiers which offer 
more reliability and longer life. It is ap- 
plicable to Type 31 5D Oscilloscopes, all 
serial numbers. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0220-00. 
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SOLVING POWER LINE PROBLEMS fOR BETTER OSCILLOSCOPE PEREORMANCE 



Tektronix, oscilloscopes are designed to 
accommodate line-voltage variations up to 
roughly ±10% from design center without 
loss of stability or accuracy ; however, vari- 
ation beyond these limits causes loss of ac- 
curacy and often, severe instability. 

The pro:)lems reported seem to fall into 
three main catagories : ( 1 ) continuously 

high or low line voltage; (2) fluctuation 
between high and low line voltage ; and, 
(3) serious waveform distortion, giving the 
effect of low line voltage. Here are some 
suggested solutions to these problems : 

(1) Many Tektronix oscilloscopes are 
supplied with multi-tap transformers. These 
transformers allow selection of a tap with 
a voltage rating close to that of the avail- 
able power line supply. Each selectable 
tap will operate at line voltages within 
±10% of its design center. 

Other Tektronix oscilloscopes have trans- 
formers with either 115 (117) volt or 230 
(234) volt taps and no additional taps to 
allow selection. In either case, it may be 
necessary to provide some type of external 
step-down transformer to supply the neces- 
sary operating voltage to the oscilloscope. 




Fig. A. Low-cost line voltage boost or drop 
circuit, using a filament transformer. Connect 
as shown for 12V boost; reverse secondary 
connections for 12V drop. Filament winding 
must have a minimum rating sufficient to carry 
the oscilloscope load. 

A variable autotransformer of the “Vari- 
ac” or “Powerstat” type is particularly use- 
ful in accommodating a wide range of in- 
put voltages. An inexpensive filament trans- 
former may also be used as an autotrans- 
former in cases where the line voltage is 
consistently high or low. The filament 
transformer should be procured locally; 
they are not available from Tektronix. For 
an oscilloscope whose normal operating 
range is 105 to 12o volts, a 12- volt fila- 
ment transformer will allow it to have an 
operating range of from 93 to 113 volts, 
thus making it compatible with 100 volt 
power line systems. Reconnected as shown 
in Figure A, the transformer’s secondary 
voltage is added to or subtracted from the 
incoming line voltage to bring it within 
range. Be sure to check the oscilloscope 
specifications and then select a filament 
transformer with a current rating ade- 
quate to carry the oscilloscope load. For 



example : a Type 321 Oscilloscope, draw- 
ing 20 W will require a filament trans- 
former rated to handle only 14 amp, while 
a Type 517(A) Oscilloscope (drawing 
1250 W) will require a filament trans- 
former rated to handle 15 amps. 

(2) The second problem is a little more 
difficult. Although slow periodic fluctua- 
tions in power -line voltage can be con- 
veniently handled with a variable auto- 
transformer, as above, there are many areas 
where wide line-voltage variations are so 
frequent that a constant- voltage- transformer 
type of regulator appears to be the only 
solution. However, for proper operation 
of the oscilloscope power supplies, it is 
extremely important that the regulator does 
not cause waveform distortion. The elec- 
tronically-regulated power supplies in Tek- 
tronix oscilloscopes require not so much a 
certain rms voltage on which to operate, 
as a certain minimum pp (peak-to-peak) 
voltage. Many regulating transformers of 
the saturable-reactance type regulate pri- 
marily by limiting the peaks of the incom- 
ing sine waves. Either an rms or average- 
reading ac voltmeter (most voltmeters are 
of the latter type) may indicate the proper 
rms voltage for scope operation. However, 
the actual pp voltage supplied by most of 
the common “constant- voltage” transformers 
is insufficient for proper operation of the 
scope’s power supplies. Under these cir- 
cumstances excessive ripple, jitter, and in- 
stability will result. An increase of the pp 
voltage is not a solution in this case be- 
cause this would increase the rms voltage 
also. While these regulated power .supplies 
are dependent upon pp, the tube filaments 
are dependent upon rms. The power- line 
waveform must retain a sinusoidal form. 
Therefore, it is important to use only a 
low -distort ion type of regulator — one having 
less than, say 5% distortion at the highest 
expected incoming line voltage under full 
oscilloscope load conditions. Regulators of 
this type are available through commercial 
channels, though at some increase in cost 
over the models without waveform correc- 
tion. 

The third major problem — serious wave- 
form distortion — is the most difficult to 
overcome, since general-purpose correction 
systems are not always immediately avail- 
able. To determine whether waveform dis- 
tortion will seriously affect the perform- 
ance of 3 'our instrument, an adapter such 
as that illustrated in Figure B can be used 
with a voltmeter to obtain pp measurement 
of the line waveform at moderate construc- 
tion cost. An oscilloscope equipped for ac- 
curate differential voltage measurements 
in the 300-350 volt range can, through the 
use of a pair of P6023 probes, be used to 
make the pp voltage measurement directly 



from the power line. It is not recommended 
that a scope be used “single ended” to 
measure its own power line voltage be- 
cause of possible measurement errors and 
serious .shock and damage hazards. The os- 
cilloscope power supplies should continue 
to regulate properly down to 295 volts pp. 
If the pp line voltage is less than 295 
volts for an rms reading of 105 volts, but 
the scope power supplies do regulate cor- 
rectly at 295 pp volts, then the trouble is 
mostly in the power- line waveform, and 
power -supply waveform ; and, power-. supply 
components are probably in good condi- 
tion. 



IN 2070 




Figure B. Peak-to-peak reading adapter for 
20,000 ohm/volt V-O-M. The use of silicon 
diodes and oil-filled (or Mylar, or paper) 
capacitors assures accurate voltage output. 



RMS 


Peak-to-Peak 


105 V 


297 V 


117 V 


331 V 


125 V 


354 V 



If power-line waveform distortion exists 
on the power lines into your building, the 
easiest solution may be to have the local 
power company correct the waveform for 
you. FTowever, if it’s caused by in-plant 
equipment (any high -cur rent, nonlinear load 
will cause some distortion), it may be nec- 
essary to apply your own wave form -cor- 
rect ion, using a filter of appropriate de- 
sign and a transformer (to compensate 
for filter losses) between the power line 
and the oscilloscope. In extreme cases 
where severe fluctuations and transients 
are also involved, it may be necessary to 
employ a motor-generator set to obtain a 
steady, sinusoidal waveform. As before, 
be sure that the current rating of the fil- 
ter or motor -generator is adequate for os- 
cilloscope operation. 

Incidentally, it should be mentioned that 
a step-up transformer alone should not be 
used where waveform distortion is the pri- 
mary cause of power-supply regulation 
problems. If the pp voltage of a seriously 
flattened power-line waveform is increased 
sufficiently to obtain good power-supply 
regulation, the unregulated filament lines 
in the oscilloscope will rise to excessive 
levels, causing premature tube failures from 
increased dissipation, gas, leakage, and fila- 
ment burn-outs. 
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(Unipolar Transistors) 

by Nelson Hibbs, Instructor 
Tektronix Product Manufacturing Training Department 



At last we have zvhat amounts to a 
hackzmrd vacuum tube — a p~ channel 
FET. In this device, electron current 
goes from drain (plate) to source 
(cathode). 

The Field Effect Transistor (FET) is a 
comparatively new device whose operation 
differs radically from the more familiar 
n-p-n and p-n-p t 3 ^pes of transistors. The 



FET is a single- junction majority-carrier 
device while the n-p-n and p-n-p transistors 
are double- junction minority- carrier devices. 

FET manufacturers have settled on a 
new series of names for the three basic 
leads of this device; so, once again we en- 
counter a change in terminolog 3 ^ Figure 1 
compares an FET, a conventional transistor 
and the familiar vacuum-tube triode to show 
this change in basic- lead terminology. 



As with conventional transistors, which 
are represented by two types of devices 
(n-p-n and p-n-p), the FET is also repre- 
sented by two types of devices. These are 
designated the n-channel and the p-channel 
types of devices (see Figure 2). 

The electron in “n” material has a faster 
mobility than the hole in “p” material. 
Thus, the n-p-n transistor has a faster 
mobilit}^ than the p-n-p transistor and conse- 
quently a higher frequency response. A 
similar condition exists with the new FET’s. 
The n-channel FET promises a greater fre- 
quency response than the p-channel device. 
This does not mean that the p-channel device 
is not being manufactured. 

The FET is a single-junction device made 
up with the Source-to-Drain material (the 
majority-carrier path) doped in either the 
“n” or the “p” direction and with the Gate 
material doped in the opposite direction. By 
applying voltage so as to oppose the major- 
ity carriers in the channel (a negative volt- 
age applied to the gate opposes electron flow 
in n-channel material — a positive voltage 
opposes hole flow in p-channel material) the 
device is back biased. Under these condi- 
tions, the n-channel or p-channel material 
becomes a constrictive layer of dielectric 
material past which majority carriers must 
flow and can thus be controlled. See Figure 
3. 

For a given voltage setting between the 
gate and the source (bias, if you will), the 
FET rapidly reaches a point of saturation 
in the source-to-drain majoritj'-carrier path. 
This region of the curve gives the FET an 
effective Rp approaching infinity. This is 
where an increase in drain voltage (Vd) 
does not result in an increase in drain cur- 
rent (Id). This area of the curve is spoken 





GATE 



Figure 1. Comparison of basic lead terminology of FET’s, transistors, and vacuum tubes. 
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an n-channel FET. 
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Figure 4. A chart of Vd vs Id curves of an 
FET showing the pinch off region and Ohmic 
region at different values of bias voltage. 




Figure 5. A chart of the Vp vs Ip curves of 
another FET showing Zener-knee breakdown of 
Gate-to-Drain back-biased diode. An exten- 
sion of the curves shown in Figure 4 would 
reveal a similar tendency of this FET to ava- 
lanche at some certain Vd voltage. 



of as the “Pinch-Off Region”. See Figure 
4. The area to tlie side of tliis (where an 
increase in Vd results in an increase in 
Id — close to the graph axis) is termed the 
“Ohmic Region”. 

A study of the Vd vs Id curves (see 
Figure 5) shows that with a given load 
line, the resultant transfer curve is non- 
linear. This non-linearity is relative to the 
deviation in the resistance represented in the 
majority-carrier path as controlled by the 
biasing voltage. The best “g,,,” occurs under 
zero bias conditions and the forward voltage 
at which saturation of this path occurs is 
called Vp (pinch-off voltage), Vp is counted 
as a characteristic of the individual device. 
Thus, in order to find the active g,,, at a 
bias different than zero, we must multiply 
the zero-bias gm by the factor one minus 
the ratio of gate voltage-to-pinch-off volt- 
age raised to the two-thirds power. 
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Figure 6. Comparison of an FET and a Unijunction transistor. 
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Operational gm = gm (at zero bias) 




Now, with a truly representative gm avail- 
able, one can closely predict the voltage 
gain of the device in a circuit by using the 
Pentode Av formula : 

Av operational gm x Rp, 

Noting that the input to the device is a 
back-biased diode, one can see that it offers 
a high input impedance and that this back- 
biased junction will show a capacitative 
effect from gate-to-source and from source- 
to-drain. The latter also gives a miller 
effect. Note also, that the input- impedance 
will decrease with increasing frequencies at 



which the product 



— becomes compa- 



into the n material between the emitter and 
base #1 thus reducing the ohmic resistance 
of the contact. The FET operates with a 
voltage-driven gate and the resultant back- 
biased junction with the field restricting the 
majority-carrier flow through the body of 
the device. The FET, like a vacuum tube, 
is a normally “ON” device and must be 
turned “OFF”. Conversely, the unijunction 
transistor is a normally “OFF” device (as a 
result of the ohmic contacts) and must be 
turned “ON” by the signal at the emitter — 
two totally different theories of operation. 

To summarize the properties and charac- 
teristics of the FET : 

A. Input Impedance: 

1. The FET is a high-input impedance 
device, the input terminal is essen- 
tiall}^ looking into a reverse-biased 
junction. 



rable to the input resistance. Also, the gain- 
bandwidth product will be approximately : 

Gain Bandwidth ^ 

ZtT h^out) 

Again, similar to the vacuum tube pentode. 
This dictates the usual compromise between 
gain and bandwidth when using this device. 

The FET should not be confused with the 
Unijunction Transistor, The theory of oper- 
ation is totally different, although at first 
glance, the unijunction transistor looks al- 
most like an n- channel FET. See Figure 6 
for a comparison. 



2. The FET has input capacitance that 
varies inversely with Vsg (bias). 
See Figure 7. 

B, Mode of operation ; 

1. The FET is a voltage-controlled 
device just as a vacuum tube pentode. 

2. The FET has a very, very high R„ 
(R,,) characteristic similar to a 
vacuum lube pentode. 

3. The FET has a consistently non- 
linear gm characteristic. 

C. Output Impedance : 



The unijunction transistor operates as a 
current-driven device with a forzvard-biased 
junction of p-to-n material injecting holes 



1. The FET is a high-output impedance 
device (current source). However, 
different means of manufacturing 




Figure 7. Variation of Source-to-Gate and 
Drain-to-Gate capacitance with voltage. 




Figure 8. Plot showing leakage current from ^ 
Source - to - Gate (Lsgo) and Drain - to - Gate 
(Idgo) against temperature under zero bias 
conditions. 
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may result in relatively low ratings 
of this characteristic in comparison 
with the vacuum tube pentode. 



tection against thermal run away. This 
statement is not wholly true in the case of 
MOS (Metal-Oxide-Insulated) FET's. 



J 



Another noteworthy characteristic of 
FET’s is their built-in protection against 
thermal run away. Because the input is a 
back -biased diode, the thermal - sensitive 
backward current (leakage current) flows 
from both the source-to-gate (Tsgo) and 
drain-to-gate (Idgo). Plotting this linear 
current against temperature under zero bias 
conditions of the other element gives two 
straight line projections as shown in Figure 
8 . 

This increase in leakage current in the 
gate junction has a resistive effect on the 
majority-carrier path resulting in a lower 
saturation current for a given bias voltage. 
For a graph of this action under zero bias 
conditions, and with the forward voltage 
from the drain to the source set at 50 volts, 
see Figure 9 (a). A cross graph of gm and 
output resistance plotted against temperature 
is shown in Figure 9 (b). The combination 





Figure 9. (a) Graph of saturation current 
under zero bias conditions and with the forward 
voltage from Drain-to-Source set at 50 volts, 
(b) Cross graph of gm and output resistance 
plotted against temperature. 

of these two reactions to temperature is 
such that as temperature goes up, gm goes 
down and Ro (counterpart of Rp in vacuum 
tubes) goes up. In other words, as the gate 
starts to lose control of the drain current, a 
greater portion of the actual drain current 
will be passed on to the load resistor thus 
tending to maintain the same change of 
voltage at the output. This is what we mean 
when we say that FET’s have built-in pro- 



The MOS FET’s separate the gate and 
channel with a layer of intrinsic material. 
As temperature increases on this device, the 
channel apparently increases also as it starts 
to include some of the insulating layer into 
the main channel. The MOS FET reacts 
more to changes in temperature than the 
regular FET’s even though they do away 
with leakage currents in the gate circuit. 

With standard FET’s, leakage currents in 
the gate lead have been reduced to the 
neighborhood of 0.001 to 0.0001 mA and 
this can be tolerated where instability of In 
with temperature change cannot. 

Characteristic curves of FET’s can be 
displayed on a Type 575 Transistor-Curve 
Tracer. The EMITTER-GROUND 
(SOURCE-GROUND) mode is used with 
the POLARITY control of the Collector 



Figure 10, Drain characteristics. Vds (horizon- 
tal) 2 V/cm, Id (vertical) 1 mA/cm. 




Figure 1 2, Transfer curve across zero bias. Vgs 
(horizontal) m 0.5 V/cm, Idss (vertical) = 
2 mA/cm. Center vertical graticule line is zero 
bias. , Negative bias to left, positive bias to 
right of center line. Crowding of markers on 
right hand side is due to gate drawing cur- 
rent. 



Sweep set to NPN (for n-channel FET’s) 
or PNP (for p-channel FET’s). The 
POLARITY control of the Base Step 
Generator should be set to MINUS for n- 
channel and PLUS for p-channel FET’s. 

FET’s that require more than 2.4 volts to 
drive them to cut off — and the great major- 
ity are in this category — will require that a 
1 kl2, 1% resistor be connected between 
the BASE (GATE) and EMITTER 
(SOURCE) binding posts on the test panel 
of the Type 575. This, in order to convert 
the BASE current, as indicated by the 
STEP SELECTOR switch in MA, to Gate 
Vgs voltage in volts. Thus, 1 mA per 
step into 1 kJ2 gives 1 volt/step and twelve 
steps at 1 mA per step can give up to 12 
volts — ample in most instances to drive any 
FET to cut off. 

The four waveforms represented in Fig- 
ures 10, 11, 12, and 13 were obtained in this 
manner. The FET used in these tests was 
an Amelco U-1346 field effect transistor. 



Figure 11, Drain current vs Gate Source Volt- 
age (Id vs Vgs with Vds const ant) . Vgs (hor- 
izontal) = 0.5 V/cm, Idss (vertical) =: 1 mA/ 
cm. 




Figure 13. Drain curves showing avalanche 
(breakover at the Gate-to-Collector Zener 
Knee). Vos (horizontal) = 5 V/cm, Idss (ver- 
tical) 0.5 mA/cm. 








Ten films produced Tektronix, Inc. 
have been certified as education films b}’ 
the U.S. Information Service. These films 
are available on free loan as an aid to 
companies engaged in educational or train- 
ing programs for their employees; or, if 
preferred, the films may be purchased. 

Interested persons should contact their 
local Tektronix Field Office, Field Engi- 
neer, Field Representative or Distributor. 

Listed below are the film titles, along 
with a brief review of the film : 

“The Oscilloscope Draws a Graph” . , . 
A 20-minute color film in sound. The film 
explains that the oscilloscope display is 
usually in the form of a graph, and de- 
scribes how to read or interpret the dis- 
play. 

“The Cathode-Ray Tube, Window to 
Electronics” ... A 35-minute color film 
in sound with animated sequences. This 
film explains in simple terms how a cathode 
ray tube works. It depicts the heart of the 
oscilloscope, the cathode ra}' tube, as it is 
used in radar, sonar and many other elec- 
tronic systems, including computers. The 
film also shows the step-b\'-step manufac- 
turing process of cathode ray tubes at Tek- 
tronix, from the forming of metal “gun” 
parts to the final testing of completed tubes. 

“The Square Wave” ... A 25-minute 
black and white sound film. Discusses the 
theory of square waves, employed in com- 
puters and mail}' other electronic devices ; 
usually, in the form of coded information. 
Animated drawings show how sine waves 



OOPS! WPOMG PAPT NUMBER 

In the October, 1965 issue of Service 
Scope two typographical errors involving 
part numbers, slipped b}" your editor. Both 
errors occurred in the article “Type M 
Four-Trace Plug-In Unit — Channels A, B, 
C, and D : Crosstalk”. The part number 
listed as 283-0050-00 should have read 213- 
0005-00; and the part number listed as 210- 
0001-00 should have read 210-0201-00. 



contained in square waves are harmonically 
related. The film demonstrates the basic 
use of the square wave generator and oscil- 
loscope and resulting information obtained 
from distortions. It discusses risetime and 
its importance in testing modern high speed 
electronic equipment. Suitable for audi- 
ences with at least a basic knowledge of 
electrical theor 3 ^ 

“Transmission Lines” ... A 23-minute 
black and white sound film. Discusses the 
fundamentals of transmission lines. Ani- 
mated drawings illustrate how electrical 
energy is transmitted along a line. An 
oscilloscope shows how reflections can oc- 
cur in a line. Characteristic impedance, the 
importance of proper terminations, line 
losses, time delay, and velocity factor are 
also discussed. 

“Time and Quantity” ... A 27-minute 
black and white film in sound. Discusses 
the measurement of time and quantity from 
billions of years to billionths of a second. 
Shows the importance of the oscilloscope 
as the basic means of making accurate 
measurements of very small segments of 
time. 

“The Oscilloscope, What It Is — What It 
Does” ... A nine-minute color sound film. 
Presents a non-technical explanation of the 
oscilloscope and its uses. Stresses the im- 
portance of the instrument as a measuring 
tool in electronic and other fields. Oscillo- 
scopes measure physical data in relation 
to small amounts of time. They are used 
in research, engineering, and education, and 
in production testing and maintenance of 



electronic computer and communication 
.systems. 

“Thevenin’s Theorem” ... A 12-minute 
black and white sound film. Presents a 
simplified approach to solving an electronic 
circuit which would otherwise involve com- 
plex mathematics. 

“Solving the Unbalanced Bridge ... A 
17-minute black and white sound film. 
Normally a solution to an unbalanced bridge 
problem requires considerable mathematics 
involving three simultaneous equations. This 
lecture film show''s and explains how simply 
this can be accomplished using Thevenin’s 
Theory and Ohm’s lawc 

“Triode Plate Characteristics ... A 
16-minute black and white sound film. Dis- 
cusses plate characteristics of a t^^pical tri- 
ode (6DJ8) showing how the three basic 
tube characteristics, amplification factor, 
plate resistance, and transconductance, may 
be determined from a set of plate curves. 
It also plots a load line and shows how to 
determine the gain of a simple amplifier 
from these curves. In addition a continu- 
ous display of the curves of a tube under 
actual operating conditions is showm on the 
Type 570 Characteristic Curve Tracer, a 
special-purpose Tektronix oscilloscope. 

“Ceramics and Electronics” ... A 22- 
minute color film wdth sound. Shows the 
importance of ceramic elements in the 
electronic industries and stresses the appli- 
cation of ceramic insulating strips and other 
ceramic parts in oscilloscopes. It also shows 
the complete manufacturing process, in- 
cluding mixing of clays, firing, and glaz- 
ing, at Tektronix. 



THE READER^S CORNER 



“Current Measurements at Nanosecond 
Speeds” is the title of an article written 
by a Tektronix engineer and published in 
the October, 1965 issue of ELECTRONIC 
DESIGN NEWS. The article discusses the 
problems encountered when attempting to 
measure nanosecond and sub-nanosecond 
current pulses. It describes the use of a 
current transformer for accurate current 



measurements at nanosecond speeds. 

Author of the article is Murlan R. Kauf- 
man, Design Engineer with the Digital 
Instrument group at Tektronix, Inc. Re- 
prints of the article are available. Con- 
tact your local Tektronix Field Office, 
Field Engineer, Field Representative or 
Distributor. 




CRT MESH FILTER AND RFI 
SHIELD 

Tektronix engineers have come up with 
a new CRT light filter and RFI shield 
that is unique. This new CRT Mesh Light 
Filter and RFI Shield is a metal screen 
of sub-visible mesh with the surface treated 
for extremely low reflectance. The screen 
is taully mounted on a metal frame. This 
unique filter-shield is a direct replacement 
for the existing graticule cover on most 
Tektronix oscilloscopes. Two exceptions 
are the Type 422 and Type 453 Portable 
Oscilloscopes. The filter-shield for these 
instruments snaps into the CRT opening 
on the front panel. 

The purpose of this new mesh filter-shield 
is to enhance visual CRT trace-to-back- 
ground contrast and attenuate RFI radi- 
ated from the CRT faceplate. It accom- 
plishes these purposes very well indeed. 
The curtailment of external ambient light 
reflections is highly efficient. T race- to - 
background contrast is enhanced to a point 
where it provides an ability to view low- 
intensity traces in normal room light, or 
even in brighter-light environments. The 
metal mesh is grounded to the metal frame. 
Thus, wlien the filter-shield is in place on 
the oscilloscope, a ground path from mesh- 
to-frame-to-oscilloscope effectively carries 
a large part of the CRT-emitted RFI spec- 
trum to chassis ground. Actual quantita- 
tive filtering depends upon the character- 
istics of the radiation and this varies be- 
tween instrument types. 

Following is a list of instrument types 
and the part number of the CRT Mesh 
Light Filter and RFI Shield thej^ use : 



TYPE 



PART NUMBER 



422 



378-0571-00 



453 

502, 502A, 503, 504, 
515, 515A, 516, 

51 7A, 524AD, 661; 
530, 540, 550, and 
580 Series 

506, 560 Series, 527, 
RM529, 647 



378-0573-00 



378-0572-00 

378-0574-00 



The CRT Mesh Light Filter and RFI 
Shields may be ordered through your local 
Tektronix Field Office, Field Engineer, 
Field Representative or Distributor. 



DUST COVERS FOR OSCILLO- 
SCOPES 




Figure 1, New dust cover for Tektronix oscil- 
loscopes shown on a Type 545B Oscilloscope. 



In response to numerous customer re- 
quests, we liave designed and now have in 
stock dust covers for some Tektronix oscil- 
loscopes. See Figure 1. The covers are 
made of blue vinyl material with a taffeta 
grained matte finish. There are black gimp 
seams around the bottom, front and back. A 
clear vinyl front allows easy identification 
of the oscilloscope and access holes in the 
top permit the oscilloscope to be moved 
with the cover in place. The Tektronix 
“bug” (trademark) and the word Tektronix 
are silk screened on the sides. 

Covers are available for the following 
instruments : 



TYPE 

647 and 560 Series 

{except 565 and 567) 

500 Series 

565 and 567 

502 and 502A 

453 

422 

(with AC/DC bat. pak.) 
422 

{with AC pwr. sup. 
only) 



PART NUMBER 
016-0067-00 

016-0068-00 

016-0069-00 

016-0070-00 

016-0074-00 

016-0075-00 

016-0076-00 



Covers may be ordered through your 
local Tektronix Field Office, Field En- 
gineer, Field Representative or Distributor. 



TEST POINTS FOR B PLUS 




Figure 2. Short pieces of bare wire installed 
os B-plus test points in the ceramic strips of 
a Type 545B Oscilloscope. 



L. E. Rishel, with the Otis Air Force 
Base in Massachusetts, has submitted to 
the Air Force and to Service Scope, a 
“do-it-yourself” modification that you may 
want to adopt. 

The suggestion involves installing short 
pieces of hare wire in the ceramic-strip 
slots in Tektronix instruments at the B 
plus test points. These wires provide quick 
and easy attaching points for a voltage- 
measuring probe tip and are safe even when 
using the alligator clips often employed 
with a voltmeter. 

We tried the modification on a Type 
541 A Oscilloscope (See Figure 2). In- 
stallation can be accomplished in a matter 
of minutes and offers no adverse effects 
on the scope’s operation. The wire pieces 
need not extend more than above the 
ceramic strip. Installed thus, they provide 
an ample length for the voltage-probe tip 
to grasp, 3 'et are not so long as to offer 
a hindrance in the normal maintenance 
and calibration of the oscilloscope. 

With the emphasis toward ever more 
compact instruments, and the close spacing 
of components that results, we recognize 
the need for easily accessible test points. 
Some of our latest instruments have just 
such test points designed into them. We 
expect this trend to continue in future 
instruments. 

TYPE 529 WAVEFORM MONITOR- 
HIGH FREQUENCY RESPONSE 

Some Type 529 Waveform Monitors will 
show a HF (high frequency) response that 
differs when using the monitor push-pull, 
from that shown when using it single-ended. 
A capacitance imbalance between the “A” 




and “B” inputs most generally causes this 
unbalance. The unbalance results in a HF 
roll off of approximately 1.3 clB at 4 MHz. 
This effect becomes particularly noticeable 
when using the Type 529 in a balanced mode 
of operation, with the output terminated 
with a 110 or 120-ohm resistor — a practice 
employed by many telephone companies. 

The following three-step procedure will 
correct the unbalance between input “A" 
and input “B” by balancing the emitter-to- 
ground capacitance of Q114 (input “A”) 
and Q214 (input “B”). 

Step 1. From the underside of the Verti- 
cal Amplifier and DC Restorer chassis 
locate R119, a 100-ohm potentiometer that 
serves as the X5 Mag Gain adjustment. 
From R119 a bare strap runs to a 2.26 k, 
W, 1% precision resistor in slot 11 of 
the adjacent ceramic strip. There is also 
a red and white wire running to another 
2.26 k, W, 1%, precision resistor in 
slot 9 of this same ceramic strip. Reverse 
these two leads at the ceramic strip. This 
should put the red and white wire at slot 
11 and the bare strap at slot 9. 

Step 2. Remove C133, a 2.8 pF, ceramic 
capacitor, located on the upper side of the 
RESPONSE switch. Re-install it on the 
VERTICAL MAG switch between the 



wiper on the last wafer of the switch and 
ground. Use the switch frame for ground. 
Step 3. Adjust C133 for best common- 
mode rejection. You may need to readjust 
C269 for HF compensation. 

EXTERNAL GRATICULES— RECOM- 
MENDED CLEANING METHOD 
We recommend the use of a mild soap, 
warm water (not hot) and gentle rubbing 
with a soft cloth for cleaning our external 
graticules. 

We have employed several methods in- 
cluding silk screening, and (only quite 
recently) hot stamping, to imprint the reti- 
cules on external graticules. Accurately 
ruled reticules composed of sharply defined, 
consistently thin lines aid greatly in accu- 
rately interpreting or measuring the oscillo- 
scope display. From this standpoint, there 
is little to choose between the silk screening 
and hot stamping methods. From the stand- 
point of visibility however, the hot stamped 
reticule offers a 10-to-l advantage over 
reticules imprinted by other methods. 

However, both the paint used in silk 
screening and the ink used in hot stamping 
the reticules are soluble in Anstac and other 
solvents. Their use as a cleansing agent will 
remove the reticule from the graticule! To 



be on the safe side, clean all graticules with 
a mild soap and warm water applied with a 
soft cloth and light rubbing action. 

P601S HIGH-VOLTAGE PROBE - RE- ) 

PLACEMENT OF DIELECTRIC 

Only fluorocarbon 114 should be used 
when replacing the dielectric in a P6015 
High-Voltage Probe. This gas is sold un- 
der several trade names all of which include 
the number 114. This number identifies 
the gas with the proper characteristics for 
use in the P6015 Probe. We supply a small 
can of fluorocarbon 114 with each P6015 
Probe and stock additional cans for our 
customers’ convenience. Tektronix Part 
Number is 252-0120-00. 

The use of fluorocarbons other than 114 
can involve a hazard. Some fluorocarbons 
are contained under a pressure much higher 
than that required by fluorocarbon 114. 

These higher-pressure fluorocarbons can be 
dangerous during the disassembly of a 
P6015 Probe. By escaping more violently 
than expected, they could damage person- 
nel and equipment. 

From the standpoint of toxicity, fluoro- 
carbons offer no problem; they are not 
dangerously toxic. 



NEW FIELD MODIFICATION KITS 



TYPE 526 VECTORSCOPE — QUIET 
FAN MOTOR 

This modification installs a lower rpm 
fan motor assembly for a reduction of the 
audible noise experienced from the original 
fan motor assembly. The new assembly 
is a direct replacement except for the addi- 
tion of a motor capacitor which requires 
the drilling of two 5/32" holes in the rear 
panel of the Type 526. This modification 
is applicable to Type 526 Vectorscopes, 
sn’s 101-909. 

Order from your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix 
Part Number 040-0412-00. 

TYPE RM16 OSCILLOSCOPE — SILI- 
CON RECTIFIERS 

This modification replaces the selenium 
rectifiers with silicon rectifiers which offer 
greater reliability and longer life. It is ap- 
plicable to Type RM16 Oscilloscopes, sn’s 
101-363. Order through your local Tek- 
tronix Field Office, Field Engineer, Field 
Representative, or Distributor. Specify Tek- 
tronix Part Number 040-0216-00, 



TYPE 262 PROGRAMMER — AUTO- 
MATIC SEQUENCER 

This modification supplies an Automatic 
Sequencer for the Type 262 that will scan 



up to eight programs. The Sequencer con- 
sists of two etched circuits (a synchronizer 
circuit and a counter circuit) each mounted 
in its own plug-in circuit card. Installation 
is simple because the Type 262 Programmer 
was designed with the automatic sequencer 
feature in mind and provisions made for its 
addition later. To install the modification, 
you need only to plug the circuit cards into 
their respective plug-in receptacles in the 
Type 262. 

Front panel switches, in conjunction wdth 
the Automatic Sequencer, allow for inter- 
rupting the automatic sequence in accord- 
ance with pre-established upper and low^er 
limits. An}^ combination of upper, middle 
or low^er limits may be used. 

The Automatic Sequencer can be syn- 
chronized with data recording devices such 
as printers or card punchers or with vari- 
ous test fixtures. 

Both manual push button and external 
control are retained with the Automatic 
Sequencer insta'-ed. 

A maximum of three Type 262 Pro- 
grammers in series will handle a total of 
24 different measurement programs. With 
an Automatic Sequencer Modification Kit 
installed in each programmer the entire 
24 measurement programs can be auto- 
matically scanned. The measurement rate 
can be S3mchronized with auxiliar}^ equip- 
ment or determined by the Type 567 and 
Type 262. 



In the synchronized mode of operation, 
the sum of the Type 6R1 display time and 
the Type 262 display time determines the 
measurement rate — up to eight measure- 
ments per second can be made in this mode. 

In the triggered mode of operation, upon 
completion of a measurement the display 
is held until an external completion pulse 
is received. Up to six measurements per 
second can be made in this mode. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix Part 
Number 040-0331-00. 



TYPE 180 TIME MARK GENERATOR 
AND TYPE 536 OSCILLOSCOPE — 
SILICON RECTIFIERS 

Two Field Modification Kits, one for 
each of the above instruments, replace 
silenium rectifiers wdth silicon rectifiers. 
The silicon rectifiers offer greater stability 
and longer life. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify, for : 



TYPE 


PART NUMBER 


180A 


040-0214-00 


536 


040-0215-00 
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TEKTRONIX TECHNICAL TERMINOLOGY 

to the electronic jargon used- by Tektronix-oriented people. 



A handy guide 

Generally, in learning a foreign language, 
one is exposed primarily to the formal 
mode of that language. He will probably 
become quite adept at reading, speaking 
and writing the language in this form. How- 
ever, when he encounters the language in its 
informal mode, the colloquialisms, slang ex- 



AB, n. or a.. Carbon composition resistor (from 
AB, trademark of Allen-Bradley Co.). 

B.A., n. or a., Blanking Amplifier. 

Bloom, v.i., To increase in size. The CRT dis- 
play will bloom when high voltage supplies 
go out of regulation, reducing high voltage 
and increasing deflection sensitivity. 

B. O., n. or a.. Blocking Oscillator. 

Bounce, n.. Scattering of electrons that strike 
deflection structures in the CRT, producing 
flare (q.v.). 

Bl 0 W“by, n., Capacitive coupling through an 
“off” diode gate. 

Breathe, v.i., to vary slightly in level at a very 
slow rhythmic rate. 

Bump, n., a short duration, small-amplitude 
aberration in transient response, somewhat 
wider (in time domain) than a wrinkle or 
glitch (q.v.). 

Anticipation Bump, see preshoot. 
Termination Bump, aberration due to a 
slight mismatch in a reverse- (source-) ter- 
minated delay line, appearing in time rela- 
tively long after the leading edge of a step 
function. 

Cap, n. or a., Capacitor. 

C. F., n. or a., Cathode-Follower. 

Cathode Interface, n. a tube defect, specif., 
development of an insulating layer between 
the cathode sleeve metal and the emissive 
coating in a vacuum tube (incl CRT), result- 
ing in an effective RC network in series 
with (part of) the cathode. Electrical effect 
is normal gain at very high frequencies, but 
lower gain at low frequencies. Time con- 
stants are in the ns-/is area, and are con- 
siderably affected by cathode temperature. 

Cream, v.t.. To ruin or destroy absolutely (by 
extension from pulverize). 

Crunch, v.i., To saturate. 

v.t., To drive into saturation, or to destroy. 

D. A., n. or a.. Distributed Amplifier. 

Dag., n., Conductive coating, usually of carbon, 
applied to the inner walls of a CRT to main- 
tain a large equipotential area; also used to 
form a helical resistor around the inner 
walls of a CRT to maintain a specific post- 
acceleration voltage gradient. From aqua- 
dag, a water suspension of carbon particles. 

D.C. Shift, n.. Shift of DC level following a 
step-function, over a few seconds or tenths. 
Similar to Dribble-up, but in a much longer 
time-domain. 

Dogbone, n. or a. Ceramic tubular capacitor 
with radial leads. 

Dot, n., A single sample presented on screen in 
pulse-sampling. Dot Transient Response, 
transient response independence from num- 
ber of samples per display (sampling). 



pressions and trade jargon will almost sure- 
ly puzzle and confuse him. Very probably, 
we in the United States are more prone to 
indulge in the vernacular than others. 

Since Service Scope travels to our friends 
overseas, we do try to present its articles in 
the formal mode of our language. We do 



Dribble-up, n., Disproportionately long 50-100% 
or 90-100% response in relation to 10-50% 
or 10-90% risetime; usually with reference 
to the nanosecond time domain. Essentially 
similar to “DC Shift”. 

E.F., n. or a.. Emitter-follower. 

Eyeball, v.t.. Originally, to avoid parallax error 
in oscilloscope measurements by lining up 
the reflection of the pupil of the eye with 
a graticule line and the trace. Now, to 
scrutinize in general. 

Flare, n,. Scattering of electrons in the CRT 
resulting in hazy light areas on the screen. 
Usually caused by bounce (q.v.) or secon- 
dary emission in the CRT. Dag Flare, Flare 
resulting from the beam striking the walls 
of the CRT. (See Dag). 

Garbage, n. Large amplitude noise, commonly 
low-frequency noise, as contrasted with 
“Grass” (broadband noise). 

Glitch, n., A waveform aberration consisting of 
a step or transient pulse in some portion of 
a CRT display which would be otherwise a 
smooth curve or straight line. A train of 
two or three small glitches might be refer- 
red to as a wrinkle (q.v.); a glitch of rela- 
tively long duration or smooth symmetry 
might be called a bump (q.v.), A glitch 
immediately (before or after) associated with 
the leading edge of a pulse usually carries 
its own terminology — e.g,, pre-shoot, over- 
shoot, hook, etc. 

Grass, n., Baseline noise (broadband). CF “Gar- 
bage”. 

Gun, n.. Electron gun. That portion of a CRT 
which generates and focuses the electron 
beam. The term does not usually include 
the deflection structure. Gun voltage refers, 
however, to the voltage from the CRT 
cathode to the average deflection-plate volt- 
age. 

Hook, n., A time constant (stray C or dielectric 
losses) in a compensated divider unrelated 
to the nominal component values. (From 
the effect on the display of a step function 
passed through such a divider.) 

Hooky, a.. Exhibiting or having a tendency to 
exhibit a hook (q.v.), especially of dielectric 
materials. 

Interface, n., (1) The (electrical) boundary be- 
tween two pieces of related or relate-able 
equipment. The conditions at the interface 
(typically an output-input relationship) de- 
termine electrical compatibility. The inter- 
face conditions between plug-in and main 
frame in an oscilloscope are usually stand- 
ardized for interchangeability; i.e., voltage, 
current, and signal levels at this point are 
made to fall within specified limits. In 
computer usage, interface equipment is that 
which acts as a transducer between elec- 
tronic and electromechanical, parallel and 
serial, or machine and human communica- 
tions systems. 

(2) Cathode Interface (q.v.). 



endeavor not to employ technical jargon 
and slang expressions. However, many of 
our overseas readers have expressed an 
amused (and perhaps confused) interest in 
these terms and expressions. For their bene- 
fit, we present here a few of these expres- 
sions and their interpretations. 



Kluge, n., A lashup, a hastily or awkwardly 
constructed assembly. 

Kluge, v.i.. To collapse or fail utterly, usually 
violently. 

Kluge, v.t.. To shut down (permanently), smash 
or destroy. 

Miller, n., A Miller integrator (sawtooth gen- 
erator). 

Mono., n., A monoaccelerator CRT. 

Monoaccelerator, a. or n., (A CRT) having a 
single accelerating field, with no further 
acceleration of the electron beam between 
the deflection structure and the screen. 

Multi, n.. Multivibrator. Pronounced “MuF-tee”. 

P.D.A., n. or a., Post-deflection accelerator 
(post deflection anode), or a CRT equipped 
with an accelerating field on the screen 
side of the deflection plates. Some manu- 
facturers call this element the “Ultor”. 
PDA ratio: Ratio of the gun (cathode-to-de- 
flection-plates) to post accelerator (deflec- 
tion-plate-to-screen) voltages in a CRT. 

Post, n., A post-deflection accelerator, or a tube 
equipped with such an accelerator. “10 kV 
on the post” means a 10 kV potential ap- 
plied to this element. Distinguished from 
mono-accelerator CRT design. 

Preshoot or Prepulse, n., A small negative ex- 
cursion immediately preceding (the display 
of) a positive-going pulse, or vice versa. 

Puff, n. or a.. Picofarad (pF). 

Puffer, n., A small capacitor, the value of which 
is indicated in picofarads. One-puffer. 

Schmitt, n. or a., Schmitt (cathode-coupled) 
multivibrator (“Schmitt Trigger”). 

Slash, v.i., To produce a streak (usually verti- 
cal) instead of a dot (q.v.) on the CRT for 
each sample (sampling oscilloscopes). 

Slash, n., A vertically elongated dot produced 
by spot motion during unblanking in pulse- 
sampling instruments. 

Spudger, n., Fully insulated tool for dressing 
leads or components. 

T.D., n. or a., Tunnel diode (Esaki diode). 

Tweak, v.t.. To adjust (an inductor, capacitor 
or internal calibration control) very slightly. 

Tweaker, n.. Tool for tweaking (usually one 
which fits only certain components). 

Tweak up, v.t,. To bring into proper adjustment 
by tweaking. 

V.A., n. or a., Vertical Amplifier. 

Wrinkle, n., A short-duration, small-amplitude 
aberration in transient response; usually a 
small echo in a delay line. 
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Tektronix, Inc. 

P.O. Box 500 

Beaverton, Oregon, U.S.A. 97005 




One of tlie desirable and potentially more 
useful features of a general purpose con- 
ventional oscilloscope is its ability to dis- 
j)lay, however momentarily, erratic events. 
Unfortunately, the conventional oscilloscope 
cannot always present these events in a 
conveniently-observed manner. To con- 
veniently dis{)lay information for visual 
observation, measurement, and analysis, the 
conventional oscilloscope reciuires events that 
recur in identical form many times per 
second. Given these conditions, tlie display 
will be a brigiit and steady trace. Erratic 
events are not always so accommodating 
so as to rej>eat themselves indefinitely and 
allow the observer to revise or complete 
liis estimates. 

So in a conventional oscilloscope, the 
ability to displa\- erratic events and the 
ability to present them in a conveniently 
observed inanner are not always compatible. 

A principal purpose for a high-speed 
storage system in a general-purpose oscil- 
loscope, then, is to bring display conven- 
ience into greater agreement with display 
capabilities, preserving the unexpected wave- 
form for as long as may be required to 
note down its significant characteristics and 
dimensions — or long enough to find a cam- 
era, requisition some film, and make a per- 
manent photographic record. 

For the most part, the purposes of a 
storage oscilloscope can be served by a con- 
ventional oscilloscope, a camera, and film — 
lots of film. The usefulness of a storage 
oscilloscope, then, is primarily one of de- 
gree rather than one of kind; one of con- 
venience rather than one of unique capa- 
bility. Even so, anyone who has attempted 
to photo- record carefully-prepared multiple- 
exposure of an elaborate series of wave- 
forms, only to find that he’d already used 
the last exposure on his roll of film, needs 
no reminder that even a small improvement 
in tlie degree of assurance that critical data 
to be recorded has been recorded can be of 
considerable value. 

In the notes below, we have outlined 
some of the ways in which the storage 
feature can be put to work in obtaining 
more useful and convenient oscilloscope 
displays for viewing or for simplified wave- 
form photography. 



GENERAL APPLICATION AREAS 

The three primary uses for storage in a 
general-purpo.se oscilloscope are : 

(1) To retain waveforms of single events 
which cannot be repeated — or which, if re- 
peated, may change significantly with each 
repetition. 



(2) To allow direct comparison by simul- 
taneous display of events happening at 
different times, or of related repetitive 
events observed at various different points 
in a .system or by means of different trans- 
ducers. 



(3) To retain information from very 
slow-moving traces — such as those from 
low repetition -rate sampling systems or 
high- resolution spectrum analyzer.s — until 
the entire display may be observed. 



SPECIFIC APPLICATION AREAS 
Non re petit he Even fs 

Recording of random transients is the 
most familiar application in this area, since 
the storage oscilloscope may be left un- 
attended for extended periods waiting to be 
triggered from an intermittent or random 
event. Within this category of applications 
arc also destructive testing or testing to 
near yield-limits where repeated testing may 
change tlie characteristics of the device un- 
der test, and measurements of phenomena 
where a number of “mis-fires” may be 
expected before a satisfactory (e.g., worst- 
case) waveform may be obtained. Much 
testing in the mechanical and electro- 
mechanical fields falls into the non-repeti- 
tive area. 



1. Transistor Beta Characteristic Above 
Power Rating 

Using an operational amplifier to dif- 
ferentiate the collector output waveform of 
a grounded -emit ter transistor driven by a 
linear ramp of current provides an output 
voltage proportional to the low-frequency 
AC beta of the transistor for a given col- 
lector load resistor. Plotting dVc/dt against 
Vc gives a continuous plot of beta varia- 
tion along the given load-line from cutoff 
to saturation if a sufficiently large base- 
current ramp is availableb Plotting dVc/dt 
against U gives a direct indication of large- 
signal output linearity over the range en- 
compassed by the current ramp. 

Combining tliis measurement technique 
with the capal)ility of completing and pre- 
serving a useful display in less than a milli- 
second on a storage oscilloscope permits 
convenient determination of characteristics 
at many times the nominal maximum steady- 
state collector-dissipation rating of the 
transistor, and without significant shifts 
in beta due to large changes in junction 
temperature. 

A simple circuit configuration providing 
a linear base- cur rent ramp of up to 5 mA 
peak for NPN transistors is shown in 
Fig. 1, For low-beta or high-power tran- 




GRIO 



Fig. 1. Test circuit for plotting vs k, Vc for 
NPN transistor. Differentiation Vc when lb is 
a linear ramp produces a voltage proportional 
to 1 ^. Capacitor Cc (^0.01 C) corrects for 
overshoot in differentiator. 



sistors, a power amplifier or external ramp 
source is required to obtain the necessary 
linearity ; for PNP types, an inverting 
amplifier with output voltage swing capa- 
bilities Veb must be used to provide the 
base-drive current ramp. 

Direct calibration of the oscilloscope ver- 
tical amplifier in terms of beta per centi- 
meter is as follows : 

^ (Volts/cm) (Rbb) 

p/cm _ (R^Ci) (Ramp dV7dtT"""~ 

Rbb is the constant-current series resistor 
in the base drive circuit. Ramp dV /dt may 
be measured at the Vbb test point using the 
internal time-base displa}-'. Rl is the col- 
lector load resistance, and Rf and Ci are 
the differentiating components of the oper- 
ational amplifier. A quick check of calibra- 
tion may be obtained by removing the tran- 
sistor and shorting together the base and 
collector terminals of the socket. A beta 
of — 1 should be indicated in the display. 

Figure 2 shows beta variation of a Type 
2 N 1 308 150 m W ge r m an i um t r an s i s to r f o r 
a 50-fi load line and a Vec of 20 V. Peak 
dissipation is 2W at U 200 mV, Vc 10 V. 

Using this circuit, families of curves 
for a given transistor may be displayed on 
the storage oscilloscope for (a) various 
collector load values (changing V/cm or 
Rs with Rl to hold the p/cm value con- 
stant), (b) various Vec values, or (c) vari- 
ous temperature values, using external 
heating and monitoring equipment and trig- 
gering a single display as the temperature 
passes through each desired point. This type 
of application properly belongs to the second 
category below, direct comparison of events 
happening at different times. A waveform 
photograph illustrating (b) is .shown in 
application 4. 
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Fig. 2. Plot of ^ for 2N1308 transistor versus 
Vc, ic for Vcc = 20 V, R, z= 50 9., Vbb 0 - 
120 V, Rbb 24 k. Vertical calibration ij3) 100/ 
cm; horizontal, 2 V/cm, 40 mA/cm. Peak ^ 
of ^600 is close to avalanche region for tran- 
sistor. (Type 549 Oscilloscope, Type O Plug- 
In.) 



2. Transformer Inrush Current and Ef- 
fects on Stmtehes 

A major cause of AC power-switch fail- 
ures in transformer-powered equipment is 
the so-called inrush current occurring dur- 
ing turn-on. A combination of four con- 
ditions establishes the magnitude of peak 
inrush current for a given turn-on : (a) the 

h 3 ^steresis of the transformer core material, 
(b) the phase angle of the AC power 
source at the instant of last turn-off, (c) 
the phase angle of the power source at the 
instant of turn-on and (d) the impedance of 
the input power loop, including the DC re- 
sistance of the transformer primar^^ In 
the worst case, inrush current amounts to 
essentially' the peak power-line voltage 
divided by' the DC resistance of the trans- 
former primary' circuit. 

Where inrush currents alone are to be 
routinely measured, test- sets employing sili- 
con controlled rectifiers and power diodes 
provide a means of providing a worst -case 
condition for each turn-on. 

Where the frequency of usage does not 
justify specialized test equipment, or where 
the effects of inrush currents on the switch 
itself during the closure process are to be 
evaluated, the storage oscilloscope (with a 
suitable differential input amplifier and 
probe arrangement) permits observation of 
hundreds of turn-ons with minimum incon- 
venience or film waste, but with full as- 
surance that permanent records may be 
kept of any' turn-on waveform containing 
information of value. 

Figures 3 and 4 show the test circuit for 
measurement of inrush current, and a typi- 



cal waveform obtained by these means. A 
current transformer used instead of probes 
and a resistive shunt would allow use of a 
single -ended oscilloscope input. But the low- 
frequency response requirements to repro- 
duce accurately the current waveforms of 
a transformer in a ty’pical capacitor-input 
semiconductor power supply — for example — 
having a very small conducting angle and 
virtually no load for a large part of the 
cy'cle, are sometimes difficult to achieve and 
verify in a current transformer that will 
also give adequate indication of momentary 
peak currents in the 50 to 100 ampere re- 
gion. 




Fig. 3. Observation of inrush current using 
high-speed storage oscilloscope v/ith differential 
input and differential probes. Ri, Pi, P^ may be 
replaced with suitable wideband current trans- 
former. 




Fig. 4. Inrush current in nominal 1 20 V, 240 W 
system (upper trace) compared with current 
waveform after warmup. Vertical: 10 A/cm; 

Horizontal, lOms/cm. (Type 549 Oscilloscope, 
Type W Preamplifier.) 



Figures 5 and 6 show the test circuit and 
typical results in measuring the potential 
drop across a switch in the process of clos- 
ing a 60-Hz transformer primary' circuit. 



The display' is obtained by' triggering the 
oscilloscope from the inrush current signal. 
Good overload recovery characteristics in 
the input amplifier are essential for this 
measurement, as the full line voltage is im- 
pressed across the probes until the switch 
has closed. 




Fig. 5. Observation of switch closure character- 
istic during inrush. Current transformer 1 :50:50 
provides trigger for either polarity inrush. 
Switching “low” side of line makes amplifier 
requirements less critical. 




Fig. 6. Potential across switch contacts during 
inrush (upper trace) and after warmup. Ver- 
tical, 200 mV/cm; horizontal, lOms/cm. (Type 
549 Oscilloscope, Type W Preamplifier.) 



Direct Comparison of Events Happening 
at Different Times 

Multiple-beam and multiple-trace oscillo- 
scopes are designed to facilitate the direct 
comi)arison of events happening at the same, 
or very nearly the same time. The storage 
oscilloscope extends this capability to events 
happening at quite different times or at test 
points that are not conveniently close to- 
gether. 



3. Speech Therapy for the Deaf 

A microphone, a storage oscilloscope, and 
suitable filters emphasizing the significant 
parts of word and syllable waveforms allow 
the student to practice vowels, syllables or 
words, with direct visual comparison of the 
subtle harmonic phase shifts which convey 
speech intelligence, against his instructor’s 
standard waveform stored on the screen. 
The split storage target permits continuous 
trial-and-error operation on one half of the 
screen without losing the reference wave- 
form on the other. 
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Fig. 7. Stored single-sweep waveforms of speech 
sounds aid in speech therapy. Upper trace: 
the word “reed”. Lower trace; the v/ord “red”. 
Release of the ”d” sound is offscreen to the 
right. Waveforms are somewhat distorted due 
to poor room acoustics. Sv/eep, 30ms/cm. 
(Type 564 storage oscilloscope, Type 3A3 
vertical amplifier set for 5 kHz bandwidth.) 

In Figure 7, waveforms representing the 
pronunciation of the words “reed” and “red” 
are compared, using a 5 -kHz bandpass filter. 
More elaborate normalizing systems may be 
employed in actual therapy work. 

4. Comparing the Effects of Circuit Ad- 
just in ents 

A record of the effects of a series of 
adjustments or substitutions is often of 
value in circuit or component work. An 
illustration (Fig. 8) is the effect of chang- 
ing collector supply voltage Vec in applica- 
tion 1, showing the beta range for a given 
collector load resistance for four values 
of Vco 




Fig. 8. Comparison of waveforms under vari- 
ant operating conditions. Type 2N1308 tran- 
sistor beta vs Vc, I- as in Figs. 1 and 2, but 
Vcc of 20, 15, 10 and 5 V. Vertical calibra- 
tion ifj), 100/cm. 

Preservation of Complete Sloiv Displays 

The problem of retrieving data from os- 
cilloscope displays of slow- rate information 
can result in loss of information either be- 
cause the beginning of the slow trace is 
forgotten when the display is finished, or 
the display is deliberately completed at a 
faster than optimum rate, resulting in loss 



of information in the display itself. 

5. Sampling System at Lozv Signal Repe- 
tition Rates 




Fig. 9. Use of storage oscilloscope and manual 
scan feature of sampling system to obtain op- 
timized dot density where needed. Upper trace, 
10 dots/cm. Lower trace, manual scan. Fill-in 
required about 10 seconds with 1 00 Hz sam- 
pling rate, but provided same detail as >1000 
dots/cm requiring >1.5 minute sweep. {Type 
564 oscilloscope. Type 3T77 time base.) 

The Upper trace of Fig. 9 illustrates a 
case of possible information loss when a 
sampling oscilloscope dot density setting is 
in.siifficient to resolve all the significant 
data. In this particular case, the signal rep- 
etition rate was 100 Hz, completing the dis- 
play shown (100 samples) in 1 second, but 
with a serious loss of information in the 
leading edge which occurred “between dots”, 
so to speak. The alternative of increasing- 
dot density to 1000 dots/cm to obtain the 
necessary resolution would have required 
over 1.5 minutes to complete the display. 

The problem was solved in the lower trace 
by storing the low dot -density trace, and 
then using the manual scan of the sampling 
system to increase dot density only at the 
points where needed, completing the display 
in minimum time, and revealing the 70% 
overshoot which was hidden in the first 
trace. Whether with manual scan or in- 
ternally-controlled high dot-density, the stor- 
age oscilloscope facilitates retrieval of high- 
resolution waveform information even from 
very slow-repetition-rate events from sam- 
pling systems. 



6. f-Iigh Resolution Displays from Spec- 
trum Analyc;ers 

The maximum sensitivity and resolution 
of a spectrum analyzer are achieved only 
when the dispersion (frequency sweep) 
df/dt is made to be very small. For normal 
viewing, in order to obtain a useful repeti- 
tive display, it’s usually necessary either to 
confine the dispersion to a very narrow 
value, or keep the resolution low in order 
to maintain reasonable sensitivity and a 
usable display repetition rate. 
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Fig. 10. Effects of df/dt on high-resolution 
spectrum analysis. Dispersion of 1 0 kHz, reso- 
lution 1 kHz. Sweep rates are: Upper trace, 

20 ms/cm {50kHz/s}; middle trace, 200 ms/ 
cm (5 kHz/s) ; lower trace, 2 s/cm (500 Hz/s). 
Signal is second harmonic of 5 MHz carrier 
modulated by 1 kHz squarewave (Type 549 
Oscilloscope, Type LIOA/ILIO Plug-in Spec- 
trum Analyzer). 

Figure 10 illustrates the effect of df/dt 
sweep rate on sensitivity and resolution in 
a representative spectrum analyzer applica- 
tion. Observing the second harmonic of a 
5-MHz carrier modulated by a 1-kHz 
squarewave, a sweep of 10 kHz in 200 ms 
with a nominal 1-kHz resolution (top trace) 
produces only a hint of the signal and pos- 
sible sidebands. Holding the same disper- 
sion and resolution but reducing the sweep 
rate to 200 ms/cm (5 kHz/s) begins to re- 
veal the true nature of the signal. In the 
bottom trace, reducing the sweep to 500 
Hz/s provides sufficient resolution to iden- 
tify the modulating signal as a squarewave. 
Time required to complete this 10 kHz 
sweep was 20 s. The advantage of the stor- 
age tube in preserving the entire display 
becomes evident. 

SUMMARY 

Applications making best use of the capa- 
bilities of a storage oscilloscope are those 
involving (a) non-recurrent waveforms, 
(b) comparison of waveforms of non- 
si mult an ecus events and (c) displays requir- 
ing several seconds for completion. Within 
the writing speed limitations of the instru- 
ment used, the storage feature may be 
used as a substitute for, or as an aid to, 
oscilloscope photography. Representative ap- 
plications in these areas are : plotting tran- 
sistor beta above nominal power rating; 
measurement of transformer inrush current 
and its effect on power switches; compari- 
son of human speech waveforms; and im- 
I^roving resolution of sampling oscilloscope 
and spectrum analyzer displays. 

Photographic Note: Waveform photo- 

graphs reproduced here were taken with 
Polaroid® No. 47 film, using an exposure 
of 1/5 s at f/5.6, except Figs. 7 and 9, which 
were taken at 1/2 s, f/11. 

\Iohn V. McMillin, “Simple Curve-Tracer 
Displays Transistor Beta” Electronics, Au- 
gust 24, 1962. 
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'ry 564 storage oscillo- 
scopes REMOTE ERASE FEA- 

'rUR]5 

This modification provides an exterrial 
Remote-Erase feature for the Type 564 
Storage Oscilloscope. 

It installs a circuit assembly which con- 
tains two monostable multivibrators — one 
for the Upper display area and one for the 
Lower display area. When activated from 
either the front panel Erase controls or the 
Remote- Source Erase controls these mult is 
erase their respective display areas. The 
Remote-Source Erase control can be an>- 
switch contact that can short a wire from 
the Type 564 to ground or any equipment 
that can provide a negative-going 5 -to- 10 
volt pulse for the multi of each display- 
area. 

The external connections are brought out 
to a four-contact connector on the rear of 
the Type 564 and a mating connector is in- 
cluded to permit attachment of the Remote- 
Erase control. 

This modification applies to Type 564 
Storage Oscilloscopes, all serial numbers. 
Order through your local Tektronix Field 
Engineer or Field Office. Specify Tek- 
tronix part number 040-0352-01. 

P510 CATHODE-FOLIA)\\45R PROBI5 
--•-PROBE REPAIR KIT 

This modification kit contains the parts 
necessary to repair several P510A Cathode- 
Follower Probes. The instructions are 
divided into sections, so that any individual 
portion of the probe can be repaired. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0287-01. 

TV 145 531, 'BYPE 535, TYPE 541 AND 
T3‘PE 545 OSC]LLOSCOPES~---CH 
PI XG-TR ANSIENT BLANK 1 XG 

Installation of this modification supplies 
a means of applying a blanking voltage, to 
the cathode of the oscilloscope CRT, to 
eliminate switching transients from the dis- 
play. These transients will occur when a 
multiple- trace plug-in unit — installed in the 
oscilloscope — is operated in its chopped 
mode. The blanking voltage is applied by- 
act i vat in g a switch installed on the rear 
panel of the oscilloscope. 

The modification involves the changing of 
V78 tube socket to a 9- pin type and adding 
a CRT CATHODE SELECTOR .switch to 
the rear ixmel. Also, V78, a 6AU6 vacuum 



tube, operating as a Multi-Trace Unit’s 
Sync Amplifier in the oscilloscope, is 
changed to a 6DJ8. One half of the 6DJ8 
is used as the Sync Amplifier and the other 
half is used to generate the blanking volt- 
age. 

This information applies to Type 531, 
Type 535, Type 541, and Type 545 Oscillo- 
scopes, serial numbers 101 to 20,000 and to 
all Rack Mount instruments in these types 
with serial numbers 101 to 1000. 

Order from your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0403-00. 

4'5:1:45 532 AND TYPE RM32 OSCTLI.O- 
SCOPES SW^EEF^ l.OCKOUT 

Your Type 532 or Type RM32 Oscillo- 
scope can be modified for the study of 
one-shot phenomena by installation of this 
kit. 

The Sweep Lockout feature permits y-ou 
to “arm” the sweep to fire on the next 
trigger to arrive. After firing once tlie 
sweep is locked out and cannot fire again 
until rearmed by pressing the RESET but- 
ton. All original features of the instru- 
ment are retained. 

Order tlirough your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0147-00. 

'BYI^E 453 0SC1LL0SC0145----P0RTA- 
IBJ5-T0-RACKM:0I.-X1' C0N\G5R.ST0X 

This modification supplies the necessary- 
mechanical components and liardware to 
securely^ rackmount the Tyqre 453 Portable 
Oscilloscope. 

-A special feature of this kit is the Rack- 
mount Rear Support assembly. A Ty|)e 
453 correctly installed as a rackmount and 
using the Rear Support assembly will suc- 
cessfully withstand an environmental shock 
of 30 G’s or vibration of 4 G’s. This can 
be an important consideration for Tyi)c 
453’s installed in mobile or shipboard units 
and in aircraft. 

-A frame, assembled from components and 
hardware in the modification kit, allows the 
oscilloscope to be mounted in a standard 
1 9" open or closed relay rack, or slide out 
t racks. 

Order through y'our local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distrilnitor. Specify^ Tektronix part 
number 040-0420-00. 



TYPE 526 \G5CTORSCOP]5 QUIET 
FAX MOTOR 

This modification installs a lower r/min 
fan motor assembly to reduce tlie audio 
noise-level of the fan motor assembly. The 
new fan motor assembly is a direct re- 
placement except for the addition of a motor 
capacitor, which requires the drilling of 
two 5/36 inch lioles in the rear panel of 
the Type 526. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0412-00. 

OSCIIFLOSCOI^E CRADIBE A40UNT 

This modification enables the Tektronix 
Oscilloscopes listed below to be rack-mount- 
ed in a standard 19" relay rack. Required 
vertical front- pan el space is 17^2 inches. 

The modification is applicable to the fol- 
lowing oscilloscopes: Types 524 AD, 531, 

532, 541, 545, and 570, serial numbers 5001 
and up; also. Types 531 A, 533, 533A, 535 A, 
536, 541A, 543, 543A, 543B, 544, 545A, 
545B, 546, 547, 575, 581, 581A, 585, 58SA, 
and 661. all serial numbers. 

Order through your local Tektronix Field 
Office, I'ield Engineer, Field Representa- 
tive or Distributor. Specify Tektronix part 
number 040-0287-00. 

DC FAX AfOTOR FOR LISTED OS- 
CILLOSCOPES 

This modification enables the oscilloscopes 
listed below to operate on 50- to 400-cycle 
power lines. It installs a DC fan motor, 
a thermal time- del ay relay, and a DC power 
supply relay. 

The modification is applicable to the 
following instruments : 

TYPE SERIAL NUMBER 

531A 20001-22073 

535A 20001-24349 

541A 20001-21454 

545A 20001-27729 

RM31A 1001-1579 

RM35A 1001-1850 

RM41A 1001-1189 

RM45A 1001-1892 

(Please note: If y'Our instrument has the 
DC Relay Modification Kit 040-258 in- 
stalled, use Field Modification Kit 040- 
0233-00.) 

Order through your local Tektronix Field 
Office, F'ield Engineer, Field Representa- 
tive or Distributor. Specify' Tektronix part 
number 040-0231-00. 
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Tektronix Australia Pty. Limited, 4-14 Foster Street, Sydney, N.SAV. ; (mail address P. O. Box 488, Darling- 
Cable: TEKTRONIX AUSTRALIA hurst, N.SAV.) ... Telephone: 211-2666 
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TUNNEL DIODE SWITCHING CIRCUITS 
Am> THE BACK DIODE 



By The Marketing Technical Training Department 
Tektronix, Inc. 

The concepts discussed in this article should lead to a better understanding 
of tunnel-diode switching circuits. It discusses in particular, the effect of a 
rather nezv component on tunncTdiode switching circuits — the back diode. 

Several Tektronix sampling instruments incorporate the tunnel diode-back 
diode concept in their trigger recognition circuitry. Examples of these instru- 
ments are: the Type STTTrogranimable Sampling Unit, Type 3T77 and Type 
3T77 A Sampling Time Base PhigTn Units, Type ISl Sampling Unit , Type 1S2 
Reficctometer and Sampling Unit, and Type 5T1A. and Type 5T3 Tm^ 
Plug-In Units. 




Part I 

Tunnel-diode switching circuits are widel}’ 
used today in a variety of measuring and 
signal-generating eciuipment. For example: 
Tunnel-diode circuits are used for trigger 
recognition in sampling oscilloscopes, and 
wide-band conventional oscilloscopes, for 
gating sweep circuits and for generating 
fast-rise pulses. Some desirable features of 
tunnel-diode switching circuits are: 
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1. Fast switching speed. 

2. Maximum obtainable pulse amplitude. \ 

3. High sensitivity to triggering signals / 

over a wide frequency range. / 

: 4. Low “idle” power dissipation. 

Tunnel-diode circuit elements are combined 
to fulfill the above needs. One of these 
elements, the BACK DIODE, is responsible 
for improved performance in the areas of 



switching speed, sensitivity, and “idle” power 
dissipation. 

This article is concerned with the theory, 
function and application of the back diode, 
in relation to tunnel-diode switching circuits. 
The first half of this article develops the 
need for such a device; the second half 
examines back-diode theory and discusses 
the function and applications of this unique 
diode to tunnel-diode switching circuits. 




Figure 1 Typical Sampling Trigger Circuit. 




Figure 2 (A) Basic tunnel-diode switch circuit for bi-stable operation. 

(B) AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 2, (A). 



TYPICAL SAMPLING TRIGGER 
CIRCUIT 

A basic sampling trigger circuit is shown 
in Figure 1. Qi is used to provide isolation 
between input and output. The back diode 
(D 2 ), tunnel diode (Di), and inductance 
(Li) form a one-shot multivibrator for 
t rigger recognition. Synchronization on in- 
put signals is achieved by free- running this 
multivibrator. 

The following discussion will develop this 
circuit and its related components. The em- 
phasis will be on the function and operation 
of the back diode as a circuit element. 

In order to understand the operation of 
the back diode, let us consider a few basic 
circuits. Figure 2 shows a basic tunnel- 
diode (TO) switch. 

BISTABLE OPERATION 

A 20- V supply and a resistance, Ri, of 
2.5 kn biases the TD at 8 mA. The DC 
load line is the solid line in Figure 2B. If 
the TD is in the low-voltage state, a 2-mA 
signal will cause the load line to move up 
toward the peak current point of the TD 
(dashed, or AC, load line in Figure 2B). 
The voltage across the TD increases along 
the slope of the TD curve at point “a”. 
When the TD current reaches 10mA (Ip), 
the voltage drop across the TD jumps al- 
most instantly to the voltage at point “b”. 
When the 2-mA signal is completed, the 
load line returns to its original mA posi- 
tion on the TD curve (point “c”). Notice 
that the TD does not returii to the low- 
voltage state. 



MONOSTABLE OPERATION 

The TD must return to the low -voltage 
state to respond to the next trigger signal. 
One way to insure that the TD always 
returns to the low- voltage state after a 
trigger occurs is to use a ver\- small series 
R and a low voltage source. See Figure 3. 

The 50-R series resistor will drop 0.4 
volts at 8 mA. The TD will drop 0.03 



volts at 8 mA, therefore the supply voltage 
will have to be 0.43 volts to put the quies- 
cent point at “a” on the DC load line. The 
low impedance gives much more slope to 
the load line. When a 2-mA input signal 



arrives, the TD will switch to the high- 
voltage state. When the input signal ends, 
the load line drops below the switching point 
at “b” and TD reverts to the low- voltage 
state. The steep slope of the load line makes 
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Figure 3 (A) Basic tunnel diode switch for monostable operation. 

(B) AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 3, ( A) . 



tlie output voltage in Figure 3 less than the 
output voltage of the circuit in Figure 2. 
The duration of the output signal is the 
same as the input signal, resulting in mono- 
stable operation. 
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Figure 4 



Figure 4 shows another method of ob- 
taining the low impedance load described 
in the previous paragraph. This circuit has 
the same characteristics as the circuit in 
Figure 3 except : 

1. A higher source voltage can be used. 

2. Some additional current must be pro- 
vided through Ri to satisf}^ the needs 
of R,. 

3. Some additional signal current is need- 
ed to drive the shunt resistance of R-. 

A method of increasing the output volt- 
age and switching speed is shown in Figure 
5A. The coil provides a very flat load line 
during switching time (shown as dashed 
line in Figure SB) because of the high im- 
pedance of the coil at the switching speed 
of the TD. Note the increase in the volt- 




Figure 5 (A) Another version of a monostable tunnel-diode switching circuit. The coil, ti, helps 
to increase the output voltage and switching speed. 

(B) AC and DC load lines superimposed on a 10-mA curve of the tunnel diode in 
Figure 5 , (A). 



age excursion. Switching speed is increased 
because current which would have otherwise 
passed through R> is now available to charge 
the capacitance of the TD. This circuit is 
monostable if the load line is steep enough 
to cross only one positive slope of the TD 
curve. The slope of the load line depends 
primarily on the value of R2. The width 
of the output pulse is controlled mainly by 
the L/R time of the circuit, where L is the 
inductance of Li and R is the resistance of 
R2 in series with the impedance of the TD. 
The impedance of the TD in the high-volt- 
age state is different from the impedance 
of the TD in the low -voltage state. 



OSCILLATOR OPERATION 

Circuit operation as an oscillator is also 
possible. Figure 6 shows the addition of 
R:i, a bias control. Resistor values are cho- 
sen to place the TD near its current peak 
(low-voltage state) wlien R3 is in the cen- 
ter of its range. 

Tf the resistance of R.i is reduced, more 
current flows from the — 20-V suppl}^ and 
less current flows through the TD — the TD 
will now be biased at some point below 
peak current (as indicated by the dashed 
line paralleling the R- 25-U line in Figure 
6 (B). Tf the resistance of R^ is increased 
(reducing the current through Rs), more 
current will flow through the TD — if this 
current exceeds 10 mA, the TD will switch 
to its high-voltage state, along the dashed 
load line to point “a”.* If the DC load line 
produced hy R-j intersects the lower nega- 
tive resistance portion of the TD curve 
(point “b”, Figure 6), the TD will auto- 
matically switch back to its low-voltage 
state. The effective load line will change 
from a high impedance (point “a") to a low 
impedance (point “b”). This change will 
take place at an L/R rate — ^when point “b” 
is reached, the TD will revert to a posi- 
tion on the DC load line, as determined by 
R:i. If this load line places the TD current 
above 10 mA, the circuit will oscillate. 



CIRCUIT ANALYSIS 



The tunnel diode and the resistor, Ro, 
in Figure 6 A can be considered as parallel 
elements. Let us assume a value of 25 12 
for Ro. Figure 7 shows a 25-12 resistance 
plot superimposed on a 10-mA TD curve. 
The instantaneous current of each element 
can be found by drawing a perpendicular 
line at the voltage point of interest — for 
instance, at about 80 mV, the TD is close 
to its peak current state at 10 m A. The 
current through the resistor, R-, with an 
80-mV drop will be: 



^ _ E _ 80 x 10-^ 

^ ~ R 25 



3.2 mA. 
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+20V 




(A) 



The +20- V supply must therefore fur- 
nish 13.2 mA to the TD-R-y combination 
through Ri. 

When a small positive- going signal is 
applied to the circuit in Figure 6, the TD 
switches to its high-voltage state. Because 
the coil provides a fairly flat load line 
(shown by the dashed line in Figure 6B), 
the output voltage will be a little greater 
than 0.5 volts. After the L/R time the DC 
load line will become effective and deter- 




(B) 



mine the current distribution through the 
TD-R.! combination. The total current sup- 
plied to the circuit via the current control 
resistor, R,, is about 13.2 mA. As the L/R 
time constant decays a greater voltage drop 
will appear across R-j. When this voltage 
drop reaches ~300 mV, the current through 
the 25-S2 resistor will be about 12 mA — as 
the total current supplied to the circuit is 
13.2 mA, only 1.2 mA will be available to 
the TD. At this current-voltage point the 




Figure 7 25-U resistance plot on a 10-mA 
tunnel-diode curve. 



TD will switch back to its low -voltage 
state. When the circuit is at “idle” — near 
its current peak, the voltage across the 
TD-R-j combination will be about 80 mV, 
and about 3.2 mA will be “lost” in the re- 
sistor, R-j. 

The best component available to replace 
R-J is a back diode. The back diode is 
simply a tunnel diode that is usually selected 
for its reverse conduction characteristics. 

Editor’s Note : This concludes the first half 
of this article. The theory, function and 
application of the back diode to tunnel- 
diode switching circuits will be taken up 
in the next (August) i.s.sue of SERVICE 
SCOPE. 



Figure 6 (A) The addition of a variable resistor, R;), enables the circuit shown in Figure 5, 
(A), to operate as an oscillator. 

(B) AC and DC load lines superimposed on a 10-mA curve of the diode shown in 
Figure 6, (A). 



MORE ON TEKmOMX-PRODUCED fSLMS 



We have experienced a tremendous re- 
sponse to our announcement in the February, 
1966, issue of SERVICE SCOPE on the 
availabilit}' of Tektronix-produced films. 
The requests by our readers for the use of 
these films have exceeded our wildest expec- 
tations and sorely taxed our ability to 
promptly supply the films. 

We are filling all requests on a first-come, 
first-served basis and earnestly solicit your 
patience and understanding if we fail to sup- 
ply the wanted film promptly. All requests 



Here are some additional articles, au- 
thored by Tektronix personnel, that have 
appeared in recent issues of trade publica- 
tions. Listed along with the author’s name 
and the title of the article is the magazine 
and the month of issue in which the article 
appeared. Also included is a thumb-nail 
sketch of the article’s content. 

Local Tektronix Field Offices, or your 
Tektronix Field Engineer, Field Representa- 
tive or Distributor can supply you with 



from qualified sources will be honored; but, 
there may be a delay of several weeks in 
supplying some of the more popular films. 

A new Tektronix-produced film is now 
available to schools or to companies engaged 
in educational or training programs for their 
employees. This film like the previously 
announced ones may be obtained on a free 
loan basis, or may be purchased. Title of 
the new film is ‘Transreskstance”. It is a 
lecture-type film that offers an explanation 
of the t ran s resistance method of analyzing 



THE READER^S CORNER 

reprints of these articles. 

“Differential Comparator Extends Mea- 
surement Accuracy,” by John J. Horn, De- 
sign Engineer. Electronic Design, October 
25, 1965. A discussion of how a differential 
comparator can refine oscilloscope voltage- 
amplitude measurements for either DC or 
pulse signals. 

“Advances in Storage Oscilloscopes,” by 
Donald C. Calnon, Project Engineer. Elec- 
tronic Industries February, 1966. Discusses 



transistorized circuitry. (An article in the 
December, 1964, issue of SERVICE 
SCOPE, “Simplifying Transistor Linear- 
Amplifier Analysis” discussed transresis- 
tance as an aid in troubleshooting or evalu- 
ating transistor circuits.) Audiences for 
this film should have a sound basic know- 
ledge of transistor theory and terminology. 

People interested in showing these films 
.should contact their local Tektronix Field 
Office, Field Engineer, Field Representative, 
or Distributor. 



state-of-the-art storage tubes and the more 
versatile oscilloscope they make possible. 
Some terminology is defined. 

“The Sampling Oscilloscope: A Nanosec- 
ond Measurement Tool,” from information 
supplied by Tektronix, Inc, The 1965 Test 
Instrument Reference Issue (A Cahners 
publication). Tells how the sampling oscil- 
loscope displaj’S high speed phenomena. Ex- 
plains how it buys sensitivity at the expense 
of time. 
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AN INSULATED EXTENDER FOR A 
PROBE’S RETRACTABLE-HOOK TIP 

Here is a “do-it-yourself” project you 
may want to try. This insulated extender 
for a probe’s retractable-hook tip can be 
made from an ordinary paper clip and two 
pieces of insulation or “spaghetti”. It makes 
a handy extension for reaching into those 
hard-to-get-at places when trouble shooting 
or checking circuits. 




Figure 1. Progressive steps in forming the 
retractable-hook tip extender. 

Figure 1 shows the steps in forming the 
extender. A. Start with an ordinary paper 
dip. B. Straighten the outside wire. C. 
Bend the inside wire to leave a crook. D. 
Bend the longer wire to form a right angle 
to the short wire and slip two pieces of in- 
sulation over the wire leaving the crook bare. 
E. With the retractable-hook tip, grip the 
partially formed extender at the crook and 
wrap the longer insulated portion around 
the shaft of the retractable-hook trip to 
form a one turn coil. Figure 2 shows a 
probe with the retractable-hook tip grip- 
ping the completed extender. 

The extender will offer no problems when 
used with oscilloscopes having bandpass capa- 
bilities of up to 50 MHz. We do not recom- 
mend the use of the extender with the Type 




Figure 2. Completed insulated extender In 
position on a retractable-hook tip. 



580 Series Oscilloscope and the P6008 combi- 
nation. With this combination, when investi- 
gating high frequency signal, the probe 
ground strap must be kept as short as pos- 
sible for best results. A probe ground strap 
in excess of three inches will cause objec- 
tionable ringing. An extender and hook tip 
combination on the probe requires that the 
probe ground strap be at least 5" inches in 
length. 

Our thanks for this idea go to a member 
of our Instruction Manuals Group, Keith 
Morrill, who developed the extender and 
brought it to our attention. 



SOLDERING FLUX OR SOLDER RE- 
SIST ON ETC H ED-C I R CU I T-C A RD 

CONNECTOR TABS 

Incompletely removed soldering flux or, 
more rarely solder resist, can cause poor 
contact between the connector tabs on etched 
circuit cards and the connector sockets into 
which the tabs fit. Soldering flux can be 
removCKi with Socal, Fotocal (denatured 
alcohol), Freon, or Chlorothene. Use a Q- 
tip to apply the cleaner. 

Solder resist which is more tenacious 
may require a light abrasive, such as a lead 
pencil eraser, for complete removal. Use 
the eraser very lightly. The connector tabs 
and connector sockets for Tektronix etched- 
circuit cards are gold plated to assure a 
minimum of contact resistance. Care must 
be taken not to remove this plating. 



CRT MESH LIGHT FILTER AND RFT 
SHIELD-PART NUMBER CORREC- 
TION 

In the February, 1966, issue of SERVICE 
SCOPE we announced a new CRT Mesh 
Light Filter and RFI Shield. We included 
a list of oscilloscopes plus the part numbers 
of the particular filter-shield the instrument 
would accept. 

We have since discovered several errors 
in that list. Also, we now have a model to 
fit the Tj^pe 321A Oscilloscope. 



Here is the corrected list : 



TYPE 

321A 

422 

453 



PART NUMBER 
378-0577-00 
378-0571-00 
378-0573-00 



All Tektronix oscilloscopes 
with 5" round CRT’s 378-0572-00 

506, 527, 529, and 561A 378-0575-00 

647 378-0574-00 



TRANSISTOR FAILURE IN HYBRID 
CIRCUITS 



When an otherwise unexplainable transis- 
tor failure occurs in a hybrid circuit, it 
pays to consider, as a probable cause, an in- 
termittent short in what appears to be a per- 
fectly good vacuum tube. There have been 
instances where failure of a transistor 
located in the grid circuit of a vacuum has 
been traced to intermittent arc-over in the 
tube. Frame-grid tubes such as the 6DJ8 
are particularly prone to this type of fail- 
ure; but, they are by no means the only 
offenders. Normally a grid-wire breaking 
and shorting to the plate will wipe out the 
tube. There have been some, however, where 
the short has “healed” itself after passing 
enough current to destroy an associated 
transistor. 



DUST REMOVAL AND TEKTRONIX 
INSTRUMENTS 



In all Tektronix instruments using forced- 
air ventilation, the air entering the instru- 
ment is filtered. Nevertheless, some dust 
will eventually penetrate into the interior. 
This dust should be removed occasionally 
due to its conductivity under high humid 
conditions. The best way to clean the in- 
terior is to first carefully vacuum all acces- 
sible areas. Next blow away the remaining 
dust with dry lotv- pressure compressed air. 
Avoid the use of high-velocity air which 
might damage some of the components. Re- 
move stubborn dirt with a small soft paint 
brush or a cloth dampened with a mild 
water-and -detergent solution. 

Pay special attention to high-voltage cir- 
cuits, including parts inside the high-voltage 
shield. Arcing in this area due to dust or 
other causes may produce false sweep trig- 
gering which in turn will cause an unstable 
CRT display. 

Don't neglect those instruments that do 
not use forced-air ventilation. Dust will 
collect in these instruments too. Its pres- 
ence will have the same effect on these 
instruments as in the case of forced-air 
ventilated equipment. The same removal 
procedure applies to both types of instru- 
ments. 

Air Filter — The air filter (too often one 
of the most neglected parts of an instru- 
ment) should be visually checked every few 





weeks and cleaned if dirty. Obviously, more 
frequent inspection and cleaning will be re- 
quired for those instruments located in areas 
with severe environmental conditions. 

Older Tektronix instruments use a metal 
mesh filter. Later instruments use a more 
recently developed plastic- foam material as 
the filter element. The following informa- 
tion applies to both types of filter material. 
To clean the filter, wash it out as you would 
a plastic sponge (swish metal mesh filters 
up and down and around). Use a mild 



warm water-and -deter gent solution. Rinse 
the filter thoroughly and let it dry. Coat 
the dry filter with fresh “Filter-Kote" 
or “Handi-Kote". (These products are avail- 
able from your local Research Products 
Company, and from some air-conditioner 
suppliers.) Let the filter dry thoroughly 
before reinstalling. 

The plastic-foam filter is quite a bit more 
efficient than the older metal -mesh filter. 
It can be used as a replacement on some of 
the Tektronix instruments that came equip- 



ped with metal -mesh filters. Here is a list 
of those instruments and the plastic- foam 
filter kit they will accept. 

TYPE REPLACEMENT KIT NO. 
541, 541A, 543A, 545, 545A, 

551*, 555* 050-0123-00 

175 050-0087-00 

1121, 123, 133 050-0148-00 

*This replacement kit is for the indicator 
unit only. Order replacement kit 050-0253 
-00 for the power supply unit of these 
instruments. 



NEW FIELD MODIFICATION KITS 



In the April issue of Service Scope, in 
this column, we typographically elevated the 
PSIOA Probe to the status of a Cathode Fol- 
lower Probe. A cathode follower it is not ! 
The P510A is a ten times probe that presents 
an input impedance of 10 megohms paral- 
leled by 14 pF. This probe has not been 
produced since 1959. It was, in its day, how- 
ever, a very popular probe and many are still 
in use, performing very well with the instru- 
ments for which they were designed. 

The Field Modification Kit 040-0287-01 
which was reviewed in this column last issue 
contains the parts necessary to repair several 
P510A Probes. 

OSCILLOSCOPE CRADLE MOUNT- 
INCORRECT PART NUMBER 

The correct part number for the Oscillo- 
scope Cradle Mount Modification Kit re- 
viewed in this column last issue is 040-0281- 
00. This is the modification kit that alters 
the following instruments to fit into a 
standard 19" relay rack: Type 524AD, 531, 
532, 535, 541, 545, and 570, serial numbers 
5001 and up; Types 531 A, 533, 533A, 535A, 
536, 541A, 543, 543A 543B, 544, 545A, 545B, 
546, 547, 575, 581, 581A, 585, 585A, and 661, 
all serial numbers. 

TYPE 532 AND TYPE RM32 OSCILLO- 
SCOPES— SILICON RECTIFIERS 

This modification replaces the selenium 
rectifiers in a Type 532 or Type RM32 
Oscilloscope with silicon rectifiers. Silicon 
rectifiers offer greater reliability and longer 
life. The modification is applicable to Type 
532 Oscilloscopes serial numbers 101 through 



6921 and Type RM32 Oscilloscopes, serial 
numbers 101 through 499. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0218-00. 



MAXIMUM INTENSITY MODIFICA- 
TION KIT— FOR LISTED OSCILLO- 
SCOPES 



This modification replaces the one meg- 
ohm INTENSITY potentiometer of the 
listed oscilloscopes with two two -megohm 
potentiometers in parallel. One potentio- 
meter serves as the front-panel INTEN- 
SITY control. The other serves as the 
MAXIMUM INTENSITY control and is 
screw-driver adjusted. With this arrange- 
ment, when observing phenomena at slow 
sweep speeds the MAXIMUM INTEN- 
SITY control can be adjusted to provide the 
best phosphor protection and prevent the 
CRT phosphor from burn damage. Or, 
when observing phenomena at the fastest 
sweep speeds, the MAXIMUM INTEN- 
SITY control can be adjusted to provide the 
best writing rate. 

The modification is applicable to the fol- 
lowing instruments, all serial numbers : 



Type 531 
Type 531 A 
Tn^e 532 
Type 533 
Type 533 A 



Type 535 
Type 535 A 
Type 541 
Type 541 A 



Type 543 
Type 543 A 
Type 545 
Type 545 A 



Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0159-00. 



TYPE 551 OSCILLOSCOPE— 12-kV 
HIGH-VOLTAGE TRANSFORMER 

This modification replaces the 10-kV 
High-Voltage transformer wdth a 12-kV 
transformer in Type 551 Oscilloscopes, all 
serial numbers. The increased high voltage 
offers greater trace intensity at the fastest 
sweep speeds. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0238-00. 

BLANK PLUG-TN UNITS 

Two modification kits supply the neces- 
sary “skeleton” parts (with assembly in- 
structions) to construct blank plug-in units. 
These units are intended to house circuitry 
of your own design to provide special-pur- 
pose plug-in units. 

Modification -kit instruction sheets list per- 
tinent electrical information so that the in- 
stalled circuitry may be designed to be com- 
patible to the oscilloscope for which the 
special-purpose plug-in unit is intended. 

Special plug-in units ma}' be made to 
operate in conjunction with a standard Tek- 
tronix plug-in unit or with a second special 
plug-in unit. 

Order through 3'our local Tektronix Field 
Office, Field Engineer, Field Representative, 
or Distributor, 

For Tektronix Oscilloscopes using Letter 
Series or 1 Series Plug-In Unit, specify 
Tektronix part number 040-0065-00. 

For Tektronix Type 560-Series Oscillo- 
scopes, specif v Tektronix part number 040- 
0245-00. 
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TEKTRONIX TYPE IS2 M4fCfS REfLECTOMETERY EASY 



As an analytical technique in the study 
of high-speed transmission systems and com- 
ponents, TDR (Time Domain Reflectome- 
try) has won wide acceptance. This is par- 
ticularly true since the advent of the sam- 
pling oscilloscope and its fractional nano- 
second rise times. 

A new Tektronix oscilloscope plug-in 
unit, the Type 1S2 Sampling Unit, pro- 
vides an unusual degree of user convenience 
for TDR measurements — and does so with- 
out sacrificing its sampling capability. The 
Type 1S2 is designed to operate in Tek- 
tronix Type 530, Type 540, Type 550, and 
Type 580 (with Type 81 Adapter) Series 
Oscilloscopes. 

The essential parts of a TDR system 
include a fast-flat- top pulse source for 
launching an incident waveform into a test 
line. The T}’pe 1S2 contains, within itself, 
two such pulse sources: (1) a tunnel diode 
supplying a quarter- volt pulse with a 50- 
picosecond risetime (giving a TDR sys- 
tem risetime of 140 picoseconds) for ob- 
serving, with a high degree of resolution, 
small discontinuities in relatively sliort 50- 
ohm systems; and, (2) a one-volt pulse with 
50-ohm source impedance and a 1 -nanosec- 
ond risetime to maximize the signal -to-noise 
ratio when observing discontinuities in long 
50-ohm transmission lines. Either pulse can 
be fed (via the signal channel containing 
the sampling-oscilloscope pickoff) into the 
line under test. 

A TDR .system discloses, basically, three 
types of information : (1) the fyfye of dis- 
continuity the incident edge encounters as 
it travels down the line under test, (i.e., 
whether it meets a new ciiaract eristic im- 
pedance, or whether it sees a lump of series 
inductance or shunt capacitance) ; (2) the 
magnitude of the discontinuit}^ (such as the 
actual value of shunt capacitance or series 
inductance) ; (3) the location of a discon- 
tinuity with respect to the pulse .source and 
the oscilloscope. 

These three types of information can be 
obtained separately from the Type 1S2. 
The type of discontinuity and its magni- 
tude are obtained from the vertical axis 
of the display. The Type 1S2 offers two 



sets of scale units on the vertical axis ; 
one calibrated in reflection coefficient “p” 
(rho), and the other in volts per division. A 
switch provides for scale selection. With the 
switch in the p position, one can read the 
display of a reflection directly in terms of 
percent of the incident -pulse amplitude. 

By means of an OFFSET control, one 
can position the display vertically. Also, 
.since the offset voltage itself is available 
at a front panel jack, .slide back measure- 
ments of reflection — either in terms of p 
or volts — can be made. The primary func- 
tion of the OFFSET control, however, is 
to provide a variable voltage which is es- 
sentially added in series to the Type 1S2 
input. With this arrangement, when an 
operator is confronted with a small reflec- 
tion of interest sitting on a DC voltage, 
the DC voltage can be cancelled out using 
the OFFSET control. The signal of in- 
terest can thus be examined at a more re- 
vealing deflection factor. 

The third type of information, that of 
the location of a discontinuity is displayed 
on the horizontal axis of the Type 1S2. 
This axis also offers two .sets of scale 
units ; one calibrated in distance-units per 
division, the other, in time-units per divi- 
sion. The desired scale is selected via a 
HORIZONTAL UNITS/DIV front panel 
control. The actual horizontal units per 
division changes with the setting of three 
controls. Therefore a readout indicator is 
provided to automatically calculate and di- 
rectly display the actual distance or time 
units per division. 

Separating the processes of locating the 
discontinuity and analyzing the degree or 
size of the discontinuitj^ is often desirable. 
This is very easy to do with a Type 1S2 
Unit. When a position range has been 
selected and the POSITION control set 
to zero, the leading edge of the incident 
pulse will be positioned or referenced to the 
“1” vertical graticule line (graticule lines 
numbered 0 through 10 — left to right), 
independent of the time-distance settings 
of the RANGE control Turning the 
POSITION control will now cause the 
leading edge of the incident pulse to go 



off screen to the left and will bring the 
aberration, caused by a “down-the-line” dis- 
continuity, to the reference line. With the 
aberration so positioned, the location of the 
discontinuity can be determined by multi- 
plying the reading of the POSITION con- 
trol by the selected range. 

When a discontinuity has been thus lo- 
cated, advancing the MAGNIFIER control 
will expand the display horizontally about 
the reference line. 

With the HORIZONTAL UNITS/DIV 
switch in the DISTANCE position and the 
DIELECTRIC control set to the dielectric 
of the line under test, the location of a dis- 
continuity can be determined directly in 
metens. DIELECTRIC control positions 
for air, TFE, and polyethylene lines are pro- 
vided. The PRESET position of this con- 
trol provides a relative velocity of propaga- 
tion from 0.6 to 1. This extends the 
instrumentls distance calibration for use 
with foam transmission lines, many printed- 
circuit strip lines and lines with other un- 
usual dielectrics. When a test line is com- 
posed of unknown or several different 
types of dielectrics, it may be more con- 
venient to use the time- scale calibration. 
The POSITION control will then indicate 
the round-trip transit time of the incident 
edge down the test line and back to the 
oscilloscope. 

As a sampling unit, the Type 1S2 offers 
a flexible high-speed trigger circuit that 
accepts pulse and sine wave triggering 
through 5 GHz. However, the low sampling 
density that occurs in the display at low 
trigger rates makes trigger rates above 
1 kHz desirable. The through -signal chan- 
nel is then available to provide 90 -ps rise- 
time along with vertical deflection factors 
from 5 mV/di V to ^V/div, and time units 
from 1 ytis/div to lOOps/div. In either mode 
of operation — TDR or Sampling — single 
sweeps are available for photography or 
storage convenience along with a manual 
or external scan of the display ; most con- 
venient when driving X-Y or Y-T re- 
corders directly from outputs provided at 
the Type lS2’s front panel. 



TYPE OF DISCONTINUITY 
(A) 



MAGNITUDE OF DISCONTINUITY 
(B) 



LOCATION OF DISCONTINUITY 
(C) 





T=ONE-WAy TRANSIT TIME 



L= DISTANCE TO 
DISCONTINUITY 

K= DIELECTRIC CONST. OF 
TRANSMISSION LINE 
Vl = VELOCITY OF LIGHT 



IDEALIZED WAVEFORMS SHOWING THREE KINDS OF INFORMATION FROM A TDR DISPLAY 
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TUNNEL DIODE SWITCHING CIRCUITS 
AND THE BACK DIODE 



By The Marketing Technical Training Department 
Tektronix, Inc. 



PART U 

This is the concluding half of an article intended to give the reader a better 
understanding of tunnel-diode switching circuits. The first half of the article 
appeared in the June, 1966 Service Scope. It reviewed the several methods of 
tunnel-diode circuit operation and, in a circuit analysis, developed the need for a 
device, such as the back diode, in these circuits. This half of the article discusses 
the theory of the back diode and the application of this rather new device to tun- 
nel-diode circuits. 




BACK DIODE 



In order to avoid the waste power in R«, 
during “idle” time of the circuit, the ideal 
component to replace R- would be a 200- 
mV zener diode (see Figure 8). Normally 
when the TD is biased on the first positive 
slope, there would be essentially no current 
supplied to the zener. The steep slope of 
the zener that extends between the peak 
and valley current points of the TD would 
cause very positive switching back to the 
low-voltage state. Unfortunately, 200-mV 
zener s are not available. 

A more practical solution is the use of 
a back diodek 

The back diode is simply a tunnel diode 
that is usually chosen for its reverse con- 
duction characteristics. If the peak cur- 
rent is small compared to the operating 




Figure 8 Curve of a hypothetical 200-mA zener 
diode superimposed on a 10-mA tun- 
nel-diode curve. 



current, the peak current can be ignored. 
The BD-4 back diode has a peak current 
of from 50 to 100 /x A (see Figure 9A). 
When a 200-mA peak to peak sinewave is 
applied to the BD-4, the E-I characteristics 
of the back diode are represented by the 
curve in Figure 9B. Notice that the nega- 
tive resistance characteristic cannot be seen. 

^The back diode is a tunnel diode whose reverse 
characteristics are being used. Just as there are 
many symbols for tunnel diodes, many symbols 
have been used for back diodes. In order to 
avoid confusion, the symbol shown below has 
been chosen to represent a “backward” diode 
in this article. 




Easy current direction (low voltage drop) 



+ 




-0,4v 0 +0.4v -0.8v 0 +0.8v 

0.1 v/div 0.2 v/div 

(A) (B) 



Figure 9 (A) Waveform photo showing peak current of a BD-4 back diode. 

(B) Waveform of a BD-4 back diode with a 20-mA sinewave applied. 



Since the back diode is operated in the 
reverse direction, the conduction curve in 
Figure 9B must also be reversed to give 
a proper picture of the conduction charac- 
teristics of the device. See Figure 10. 
Notice this appears like a regular diode with 
a low-voltage zener region and an extremely 
low forward voltage drop. Any TD can be 
used as a back diode, although the high 



forward-current tunnel diodes will have a 
less desirable “reverse” characteristic. 

Figure 11 A shows curves of a tunnel 
diode type TD253B and a back diode type 
BD-4 superimposed. These curves w’ere 
taken on a Tektronix Type 575 Curve 
Tracer with the vertical deflection factor 
set to 1 mA/div and the horizontal set to 
0.1 volt s/di v. 



In Figure IIB, if the TD bias resistor, 
Ra, is adjusted so that the tunnel diode is 
biased at some current below Ip, the TD 
circuit is in a triggerable mode. The new 
DC load line, using the back diode as a 
load for the TD, is shown in Figure 12. 
The curve of the load line is the inverse of 
the impedance of the back diode. The AC 
load line is still the flat line (dashed) pro- 







duced by the coil At the time the peak 
current on the tunnel diode is reached, 
the current in the back diode is approxi- 
mately 1 mA. This compares to 3.2 mA of 
“lost” current when using the 25-11 resistor. 
As more current flows in the back diode, 
the non-linear impedance decreases sul)- 
stantially. The back diode must conduct 
about lOniA when switching the TD to 
the low- voltage state. At this point (10 
mA) the impedance of the BD-4 is about 
2 il. This low impedance will cause a very 
positive “back to low-voltage state” switch- 
ing of the tunnel diode. The non-linear 
impedance of the BD-4 offers the follow- 
ing advantages over a resistor : 

1. The high impedance at low current in- 
sures that the triggering point of the 
TD does not depend on the rate of 
rise of tlie trigger signal because the 
L is essentially disconnected. 

2. TliC very low impedance at high cur- 
rent will insure that the TD always 
returns to its low-voltage state after 
a trigger. 




Figure 10 Conduction curve in Figure 9, (B) reversed to give a proper picture of conduction 

characteristics. 




(A) (B) 



Figure 1 1 (A) Curves of a TD253B tunnel diode and a BD-4 back diode superimposed. 

(B) Same circuit os in Figure 6, (A) except here a back diode, D-, is the load for the tunnel diode. 



3. The static power requirements are less. 

The BD-4 also aids in operation of the 
circuit as a count -down unit. It has been 
noted that the circuit in Figure IIB will 
oscillate if the TD is biased al)ove the peak 
current point. Current switching will take 
place between tiie TD and the back diode. 
The frequency can be influenced by chang- 
ing bias on the TD. If the circuit has a 
free-running frequency of 49 MHz and a 
200-MHz signal is applied, the TD multi- 
vibrator circuit will synchronize with some 
sub-multiple of 200 MHz — in this case 50 
MHz. In any case, the output frequency 
will be some sub-multiple of the input fre- 
cpieucy when the input frequency is signif- 
icantly higher than the circuit free-running 
frequency. 




Figure 12 AC and DC load lines of tunnel diode in Figure 11 (B) superimposed on a 10-ma tunnel- 
diode curve. 






+20v 




Figure 13 A few refinements to the circuit in Figure 11 (B) are included In the circuit shown here. 
See text for explanation. 



A few refinements to the circuit in Fig- 
ure IIB are included in the circuit in Fig- 
ure* 13. The transistor is a fast PNP de- 
vice which isolates the voltage excursion 
of the TD circuit from the input signal. 
Static current in the transistor is adjusted 
by Ra to compensate for circuit values and 
peak current differences of TD’s. Normal- 
ly, Ra is adjusted for a free-running TD cir- 
cuit when Rs is at the center of its range. 
When Ro is set in the center of its range, 
the circuit operating conditions are as fol- 
lows : 



1. Current from the — 20 V supply to Di 
E „ 20 V 



anode is 



2.5 mA. 



R Skn 

2. Di must be biased at peak current 
which is 10 mA. 

3. D- will have a reverse current of 

mA. 



4. Current in Qi must equal R^, R5 cur- 
rent plus Di current plus D2 current 
which total 13.5 mA. 



5. Voltage drop across R-, Ra is +20 V 
minus emitter voltage of +2 V (base 
voltage) plus ^::i0.6V (base-emitter 
drop) which equals 20 — 2.6 or 17.4 
volts. 



6. Required total resistance of R«, Ra 

. ^ 17.4 V 

I 13.5 mA 

7. Current requirements are satisfied 



= 1.29 ka 



when Ra is adjusted for 290 fi. 



The input signal is AC coupled by Ci 
and C2. If the input frequency is sufficient- 
ly high, the impedance of Ci can be ignored 
and input impedance is Ri in series with the 
transistor emitter resistance; 3912 + 1112 
= 50 il. The small capacitor, C2, provides 



additional high-frequency coupling of the 
input signal to compensate for the increase 
in emitter resistance at higher frequencies, 
thus the input impedance is held fairly con- 
stant throughout the circuit operating range. 
Since the input impedance is a predictable 
50 12, the signal current can be found by 

I — I . For a 10-mV signal. I 

R input ^ 

becomes or 0.2 mA, An increase 

in current is required to switch Di so the 
circuit responds to positive signals only. 

When triggered operation is desired, Rr, 
is set ccw of center (less than 5kl2). 
More current is furnished to the transistor 
collector by R.i, R3 — perhaps 2.7 mA. The 
additional 0.2 mA through R4, Rr, subtracts 
from the current in the TD. The TD is 
biased at 0.2 mA below peak current or 
9.8 mA. A positive 10 mV signal will cause 
an increase of current in Qi of 0.2 mA and 
the TD will switch. The TRIGGER SEN- 
SITIVITY control is usually adjusted so 
that the current requirements of Di are 
compatible with the input signal. 

When synchronized operation is desired, 
Di is made to free- run by reducing the shunt 
current through R^, Rs. (Rs is adjusted 
for greater than 5 kl2.) Di current increases 
to greater than peak current and Di, D2 
and Li act as an oscillator. The oscillat- 
ing frequency is influenced by the addi- 
tional current through Dj, D2 and Li when 
the resistance of Rs is increased. As cur- 
rent increases, frequency decreases because 
even though the time constant remains the 
same, a longer time is required to switch 
the additional current from Di to D2. 



Let us assume the TD has just switched 
to the high state. Current through D2 in- 
creases exponentially as fast as Li and the 
impedances of Di and D2 will allow. As 
the current in D2 increases, current in Di 
will decrease proportionally until Di switches 
to the low- volt age state. At this time, the 
current in Di will increase as current in D2 
decreases until Di peak current is reached 
and switching occurs again. 

When a high-frequency signal is applied 
at the circuit input, each positive peak will 
cause a small increase of current in Qi. If 
Di is almost ready to switch when a cur- 
rent increase occurs in Qi, the switching of 
Di and the positive peak of the input signal 
occur coincidenth^ (The increase in Qi 
current will cause Di to switch.) When 
the free- running frequency of Di D2, and 
Li is such that one of several input signals 
always causes Di to switch, the TD multivi- 
brator circuit will be in synchronization with 
the input signal. Since the TRIGGER SEN- 
SITIVITY setting influences the free- run- 
ning frequency of the circuit, it can be 
adjusted to achieve optimum synchronization. 




Figure 14 Waveform photo showing a 200-MHz 
input signal on the upper trace and 
the synchronized switching of the TD 
circuit on the lower trace. 

The photo in Figure 14 shows the 200- 
MHz input signal on the upper trace and 
the sjmchronized switching of the TD cir- 
cuit on the lower trace. 

The obvious advantages of this type of 
trigger circuit are: 

1. The circuit is very sensitive to small 
input signals. 

2. The circuit can be made to oscillate 
and produce a trigger in the absence 
of an input signal. 

3. In synchronous operation, high-fre- 
quency input signals can be converted 
to a more useable frequency. 

4. The TD circuit operates at low power 
levels so radiation interference is cor- 
respondingly low. 

In the interest of simplicity the influence 
of the usual hold-off circuitry has been 
deliberately ignored. By adjusting circuit 
values in Figure 13, current in Qi has been 
increased to include TD bias current nor- 
mally supplied by the hold-off circuitry. 





TYPE 580/580A SERIES OSCILLO- 
SCOPES WITH TYPE 82 DUAL- 
TRACE PLUG-IN UNITS— A SYS- 
TEMATIC STEP-BY-STEP PROCE- 
DURE FOR MAKING GAIN ADIUST- 
MENTS 

A Type 580/S80A Series Oscilloscope in 
combination with a Type 82 Dual -Trace 
Plug-In Unit has eight gain adjustments 
which must be adjusted in the proper se- 
quence to realize optimum vertical-amplifier 
performance. These eight gain adjustments 
— five potentiometers and three solder-in 
resistors — are necessary to compensate for 
the effects of parameter variations of tran- 
sistors and tubes. Before we outline a sys- 
tematic step-by-step procedure by which 
these adjustments are made, we should point 
out that the three solder-in resistors are 
selected during the initial factory calibration 
of the Type 82 and Type 580 Series Oscil- 
loscope — they zmll very seldom require 
changing. However, to make a complete 
story, the selection procedure for each of 
the three solder-in resistors has been in- 
cluded in the adjustment procedure. The 
adjustment procedure was written with the 
Type 581 A and Type 5 85 A Oscilloscopes 
in mind. Certain notes have been added to 
make the procedure equally useful for the 
Type 581 and Type 585 Instruments. 

The step-by-step gain adjustment proce- 
dure which follows is intended to delete one 
step in the Calibration section of the In- 
struction Manuals for the Type 580 Series 
Oscilloscopes and to replace one step. The 
steps deleted and replaced will depend upon 
whether the calibration procedure you are 
following is for a Type 581, Type 585, Type 
581 A, or Type 5 85 A Oscilloscope. If your 
Instruction Manual is for a : 

Type 581, delete step 15, page 6-8; re- 
place step 16, page 6-9. 

Type 585, delete step 15, page 6-9; re- 
place step 16, page 6-10. 

T 3 q)e 581A, delete step 11, page 6-6; re- 
place step 14, page 6-6. 

Type 585A, delete step 11, page 6-6; re- 
place step 14, page 6-7. 

The Type 580 Series Indicator (Oscillo- 
scope) deflection factor (Volts/cm) must 
first be verified before using the indicator 
for plug-in calibration. 



Adjustment of the Type 580 Series Indica- 
tor Gain: 

1. Install a Type 84f Plug-In Test Unit in 
the Type 580 Series Indicator. 

NOTE: If a Type 84 Plug-In Test Unit 
is not available, a Type 82 Dual-Trace 
Plug-In Unit can be used to provide the 
push-pull signal required — see Step 4-c. A 
second calibrated scope is the instrument 
you would choose to verify that the Type 
82 Plug-In was delivering 100 millivolts 
peak-to-peak to the input of the indicator. 

2. Set the Type 84 DISPLAY SELEC- 
TOR to CAL (2 cm), ALT. SYNC and 
free run the sweep. 

3. Rotate the Type 580 Series Indicator 
Vert. Gain Adj. full clockwise (R1015). 

4. Check the gain limits : 

a. If the deflection is less than 2.3 cm, 
the 6DJ8’s on the upper vertical chas- 
sis and/or the 7788 CRT driver tubes 
may need replacements. (Type 581 & 
585 used a single 7699 CRT driver 
tube. ) 

NOTE: T>^pical voltage gains for each 
of the three sections of the vertical am- 
plifier will be useful in determining if 
tubes should be replaced for insufficient 
gain. Typical gains are: 

Delay Line Driver section (lower vertical 
chassis) X3 gain 

Vertical Output section (upper vertical 
chassis) X5 gain 

CRT driver chassis X4 gain 

b. If the CRT deflection is greater than 

2.5 cm, add a 2W 180-12 resistor 
(R1016)* betw^een the Vert. Gain Adj. 
pot (R1015) and the cathode bus wire. 
(R1016 replaces a wire strap.) Until 
Type 5 85 A, sn 10870, R1016 w^as usu- 
ally 012 (wire strap) and not listed in 
the manual. If GE 6DJ8’s are used in 
the vertical amplifier, gain may be ex- 
cessive — requiring use and selection of 
R1016. R1016 can have any value be- 
tween 0^2 and 20012. 

c. Vary the line voltage from 105 — 125 
V AC. With marginal tubes, the CRT 
display will shift vertically about 1.8 
mm and the peak-to-peak deflection 



wdll change about 2 mm (10%). With 
new tubes, line voltage variation will 
cause virtually no vertical shift or gain 
change. Return the line voltage to 117 

V AC. 

NOTE: With a 2-cm display and 
change of line voltage from 105 — 125 

V AC, vertical trace shift of 0.5 cm 
and a peak-to-peak deflection change 
of nearly 1.0 cm can be expected on a 
Type 585 which has not been modified 
by installation of kit 040-0303-00 (Ver- 
tical DC Filament Supply Modifica- 
tion Kit). 

Type 585 A should not produce 1.0 cm 
of CRT deflection when 100 mV of 
peak-to-peak signal is differentially ap- 
plied to the indicator between pins 9 
and 11 of the Amphenol connector. A 
T 3 ^pe 82 or 86 Plug-In Unit develops 
a differential (push-pull) signal at 
these pins. 

Adjustmeyit of the Type 82 Gain: 

Remove the Type 84 Plug-In Test Unit 
from the indicator and install the Type 82; 
allow 10 to 15 minutes warm-up time. Per- 
form all manual checks and adjustments 
pertaining to gas, microphonics, position 
range, and grid current before starting the 
gain adjustments. 

NOTE: Prior to sn 3000, the Gain Bal. 
Adj. pot was in Channel B instead of Chan- 
nel A and designated R277. For these early 
Type 82’ s, Steps 1-5 should be performed 
in Channel B ; Step 7 should be performed 
in Channel A. 

1. Set Channel A and B VOLTS/CM to 
0.1, VARIABLE VOLTS/CM clockwise 
and MODE switch to A onlj^ 

2. Apply 0.2 V from the Type 585 A cali- 
brator (±3%) to the A Channel input. 

3. a. Vary the line voltage from 105 — 125 

V AC. If the change in CRT deflec- 
tion is 5 — 10% greater than the change 
noted in Step 4 c of the Type 585A 
adjustment section, replace the three 
output 6DJ8’s in the Type 82. 6DJ8’s 
with low transconductance will reduce 
the gain of the Type 82 output ampli- 
fier as much as 10%. 






b. Mechanically center the front panel 
XI GAIN ADJ. control. Rotate the 
Gain Bal. Adj. (R177), located on the 
circuit board assembly near Channel A 
Attenuator switch. If the range is not 
approximately ±3 mm (nominal 2-cm 
CRT deflection), select and install a 
new value of R550.* Typical range of 
R550 is ion to 68 n. 

c. Change the 0.2- V calibrator signal to 
Channel B, MODE switch to B only 
(front panel XI GAIN ADJ. is still 
mechanically centered), and select 
R262* for approximately 2 -cm CRT 
deflection. Reducing the value of R262 
will increase the CRT deflection ; 
typical range of R262 is 390 n to 1.5 
kS2. (R262 is in parallel with R267 
and, if present, is located on the circuit 
board assembly near B attenuator 
switch.) 

4. a. Adjust the XI GAIN ADJ, for ex- 

actly 2 cm of CRT deflection. 

b. Change the 0.2-V calibrator signal to 
Channel A, MODE switch to A only 
and adjust the Gain Bal. Adj. for 
exactly 2-cm CRT deflection. 

5. With the calibrator signal still applied 
to Channel A, change the GAIN switch 
to XIO and the calibrator signal to 20 
mV. 

6. Adjust the XIO Gain Adj. (R356) for 
exactly 2-cm deflection. 




TYPE 316 AND TYPE 317 OSCILLO- 
SCOPES— DC FAN MODIFICATION 

Installation of this modification enables 
the Type 316 and Type 317 Oscilloscopes 
to operate from a 50-to-400'Cycle power 
source. The kit supplies a DC fan assem- 
bly and the necessary hardware and compo- 
nents along with step-by-step instructions 
for easy installation. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0228-00. 

TYPE 316 AND TYPE 317 OSCILLO- 
SCOPES-SILICON RECTIFIERS 

This modification replaces the selenium 
rectifiers originally used in the power sup- 
plies of the Type 316 and Type 317 Oscil- 
loscopes with silicon rectifiers. The new 
rectifiers offer more reliability and longer 
life than selenium rectifiers. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix 
part number 040-0212-00. 



7. Turn MODE switch to Channel B only, 
change the calibrator signal to Channel 
B and adjust the XIO Gain Adj. (R456) 
for exactly 2-cm deflection. 

t The Type 84 designation for the Plug-In 
Test unit for the Type 580 Series Oscillo- 
scopes has been chan'g-ed to a Tektronix 
part number — 067-0523-00. This part num- 
ber, rather than the Type 84 designation, 
should be used in ordering or referring to 
the Type 580 Series Oscilloscopes Plug-In 
Test Unit. 

* The resistors identified by an asterisk 
are the three solder-in resistors that along 
with five potentiometers comprise the eight 
gain adjustments with which this procedure 
is concerned. 

> TRANSISTOR TESTING WITH THE 
TYPE 575 TRANSISTOR-CURVE 
TRACER AS AN AID TO TROUBI.E- 
S HOOTING 

Usually when a transistor fails one junc- 
tion becomes shorted or open. Quick checks 
for opens or shorts can be made on suspect 
transistors by using a Type 575 Transistor- 
Curve Tracer to determine whether a typi- 
cal family of curves can be produced. Near- 
ly every transistor can stand a collector volt- 
age of about 2 volts without danger of 
breakdown ; and, base current drive of up 
to 100 microamperes will almost never ex- 
ceed dissipation limits with onl}' 2 volts on 
the collector. So, by limiting the collector 
voltage and the base drive on the Type 575, 




TYPE 422 OSCILLOSCOPE-PORTA- 
BLE-TO-RACKMOUNT CONVERSION 

This modification is applicable to Type 
•422 Oscilloscopes, AC powered only. It is 
not applicable to Type 422 instruments with 
AC/DC Battery Power Supply. 

The modification supplies an R422 Rack- 
mount Assembly for rackmounting the 
Type 422 Oscilloscope. This assembly has 
two oscilloscope compartments. With this 
arrangement, two Type 422 Oscilloscopes 
can be mounted side-by-side in the same 
relay rack. Or, one Type 422 may be rack- 
mounted in either the right or left com- 
partment, leaving the remaining compart- 
ment to be used for storage of accessories 
or other equipment. A convenient pulldown 
door is provided for the storage compart- 
ment. 

The kit also includes two Rackmount 
Rear Support brackets with instructions for 
their installation. These brackets are re- 
quired when two Type 422 's are rack- 
mounted side-by-side. When properly in- 
stalled the two Rackmount Rear Support 



you can quickh’ and safeh’ make non- 
destructive tests to determine if the tran- 
sistor is functioning properly. To do this 
you need only to know whether the tran- 
sistor is an NPN or PNP tyq)e, which 
leads go to the emitter, the base and the col- 
lector, and how to set up the Type 575. 
(Pages 2-5 and 2-6 in the Operating In- 
structions section of the Type 575’s Instruc- 
tion Manual contain information on how 
to set up the Type 575 to display a family 
of curves.) 

The Beta of most transistors is usually 
between^ 10 and 200. Therefore, a vertical 
m A/division setting of about 20 times the 
amount of base current per step will usually 
produce a display of a t\q)ical -looking family 
of curves on the CRT of the Tyi)e 575. 
Putting it in terms of front -panel controls 
for the Type 575, the CURRENT OR 
VOLTAGE PER DIVISION switch (lo- 
cated in the Vertical block) should be set 
to a value on the COLLECTOR mA range, 
that is 20 times the value of the mA PER 
STEP setting of the STEP SELECTOR 
switch (located in the Base Step Generator 
block) . 

From an instrument troubleshooting stand- 
point, the Type 575 is a valuable tool. Tran- 
sistor characteristics can be easily matched 
for use in push-pull solid state amplifiers. 
Verification of tvmnel diode, zener diode, 
and signal diode characteristics is a rela- 
tively simple task. For maintenance activ- 
ities, it proves to be quite a time saver. 




li rackets enable the Itype 422’ s to with- 
stand an environmental shock or vibration 
as described in the Characteristic section 
of the Type R422 Instruction Manual 
(page 1-3). If only one instrument is 
rackmounted, support to the storage com- 
partment side of the assembly is not re- 
el ui red. 

Tlie assembled R422 Rackmount Assem- 
bly may be installed in any standard 19-incb 
open or closed relay rack. 

The slide-out tracks used on the Type 
422 consist of two assemblies, one for the 
right side and one for the left side. Each 
assembly consists of three sections. The 
stationary section attaches to the rack, the 
chassis section attaches to the surrounding 
instrument frame, and the intermediate sec- 
tion fits between the other two sections. 
This allows the instrument to be pulled 
forward and extend out of the rack. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix 
part number 040-0419-00. 



TEKTRONSX TECmiCAL PUBUCAflOMS 



A considerable number of varied forms of 
Technical Publications have been produced 
by Tektronix during the past few years. 
The main purpose of these publications is 
to educate the customer in techniques unique 
to Tektronix, and thus, enable him to apply 
our products more usefully. They also pro- 
vide a fuller explanation of certain proce- 
dures and technical information mentioned 
all too briefly in some Instruction Manuals. 

Much of the need for such a range of 
publications has been reduced because of the 
considerable improvements to, and expansion 
of material in many Tektronix Instruction 
Manuals. 

PROGRAMMED INSTRUCTION 

The use of Programmed Instruction is 
becoming quite widespread throughout the 
United States and many overseas countries. 
The Product Technical Information Depart- 
ment at Tektronix produces a range of such 
books. These are designed to be used as 
self -teaching devices to complete the train- 
ing (of an individual who has some elec- 
tronic background) in the theory of opera- 
tion of Tektronix circuits. 

At the present time eight programmed 
volumes are available and four more will 
be added to the range short^c Two further 
volumes are available published in conven- 
tional text-book form. 

Details are as follows : 



Order 

Semiconductor Series Part Number 



Volume 1 Basic Theory 


062-0053-00 


Volume 2 Diode Devices 


062-0112-00 


Volume 3 Transistors 


062-0067-00 


Volume 4 Circuit Analysis 1 


062-0216-00 


Volume 5* Circuit Analysis 2 
Volume 6*"^ Reference for 


062-0217-00 


Vol’s 1 and 3 


062-0422-00 


Volume 7** Reference for 




Vol’s 4 and 5 


062-0432-00 


Analj^sis of Passive 


Order 


Networks 


Part Number 


Volume 1 DC Equivalent 




Circuits 


062-0605-00 


Volume 2 AC Theory 


062-0606-00 


Volume 3 Integrators 


062-0607-00 


Volume 4 Differentiators 


062-0608-00 


Volume 5* Circuit Application 062-0609-00 


Time Domain 


Order 


Reflectometry 


Part Number 


Volume 1* 


062-0703-00 


Volume 2* 


062-0704-00 



* Not presently available. To be added to 
the range in the near future, 

** Available in conventional textbook form 
only. 



The publication “Junction Functions” 
(061-0662-00) is no longer available. It has 
been superseded by Programmed Instruction. 

In addition to these books several other 
specialized booklets are cur rent 1}^ available. 
These are prepared in conventional text 
form and in the main cover specific applica- 
tions or techniques : 

Sampling Ahtes — First published in 1962. 
Describes basic repetitive sampling tech- 
niques (N, 3S76, 4S1, etc). 061-0557-00. 

Storage to Picoseconds, a Survey of the 
Art — Reprint of magazine article, August, 
1963. Comparison of sampling and con- 
ventional oscilloscope techniques. 061- 
0991-00. 

Spectrum Analyzer Notes — A basic ap- 
proach to the use of analyzers. 062-0433- 
00 . 

Strain Gage Measurement Concepts — A 
new' booklet, published in 1966, describing 
basic techniques, circuits and applications 
to oscilloscope displays. 062-0710-00. 

Some Transistor Measurements Using the 
Type 575 — Describes exact use of instru- 
ment with varied types of semiconductors, 
1959. 070-0192-00. 

Typical Oscilloscope Circuitry — A 300 
page book analyzing basic Tektronix cir- 
cuits in use up to 1964. 070-0253-00. 

Magnetic Ink Character Recognition — 
Published in 1962, this booklet describes 
the oscilloscope displays derived from 
Magnetic Ink readers. 070-0283-00. 

Rackmounting Instructions — 1964, infor- 
mation concerning the installation of the 
majority of Tektronix instruments in 
standard 19" (48.5 cm) racks. 070-0440- 
00 . 

Operational Amplifiers and Their Appli- 
cations — 1965, detailed techniques and 
uses. 070-0526-00. 

Oscilloscopes at Work No. 1 — Measure- 
ment of High Current Forzvard -Reverse 
Recovery Times in Signal Diodes — Tech- 
nique utilizes Tektronix sampling system. 
A2271. 

Oscilloscopes at Work No. 2 — Measure- 
ment of Shock Imparted During Drop 
Test — ^Using a storage oscilloscope. A2270. 

Oscilloscopes at Work No. 3 — Monitor of 
Cortical Impedance During Periodically 
Increased Sthmilaiion — ^Using 564/2A63/ 
2B67 and 160 series generators. A2277. 

Getting Acquainted with Spectrum Ana- 
lyzers — A basic approach to analysis, re- 
printed from articles appearing in Service 



Scopes No.’s 31 and 32, April and June, 
1965. A2273-1. 

Fundamentals of Selecting and Using 
Oscilloscopes — A booklet designed to pro- 
vide abridged details of the entire Tek- 
tronix product range and how to select an 
instrument for a particular application. 
X2146-7. 

Some currently available booklets relate 
to Tektronix Instruments no longer in our 
product range. These will be of interest to 
customers who possess the instrument types 
concerned. Supplies of the booklets are 
rather limited. 

Some Basic Circuits Used in Tektronix 
Instruments — Published in 1960, details of 
then current circuits — ^Imown as FIP-1. 
061-0139-00. 

Measuring the Angular Velocity and Ac- 
celeration Characteristics of Rotating 
Machines — 1959, refers in the main to 
techniques involving the Rotan Angular 
Transducer — now discontinued. 061-0151- 
00 . 

567/3S76/3T77/6R1 Data Flow Diagram 
— 1963, interconnections and signal paths 
diagram using the 6R1 — not the 6R1A. 
061-0938-00. 

Using Yotir Oscilloscope Type 535/45 — 
1958, not “A or B” series. FIP-1. 070- 
0185-00. 

A Primer of Waveforms and Their 
Oscilloscope Displays — 1960, basic wave- 
form analysis, simple circuit discussion — 
FIP-7851. Refers to obsolete instruments 
and publications but still a good training 
guide. 070-0190-00, 

Using Your Oscilloscope Type 535 A/ 
545A—19S9. 070-0239-00. 

Maintenance and Calibration of Type 
545 A Oscilloscope — 070-0282-00. 

For price and availability details con- 
cerning all the above described publications 
and any other Technical Publication origin- 
ated by Tektronix, please contact the Tek- 
tronix Field Office, Distributor or Repre- 
sentative in your area or write to: 

International Marketing 
Tektronix, Inc. 

P. O. Box 500 
Beaverton, Oregon 97005 

OR 

Tektronix Limited 
P. O. Box 36 
St. Peter Port 
Guernsey, Channel Islands 
British Isles 
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UNDERSTANDING AND USING 



THEVENIN’S THEOREM 

by Nelson Hibbs, Instructor 
Tektronix Product Manufacturing Training Department 

TMvenMs theorem offers to the technician a most useful tool for analyz- 
ing and tinder standing electronic circuits. It is, hozvever, a theorem most diffi- 
cidt to present in a staternent enabling the reader to easily utiderstand and apply 
its principles. ; 

In this article, the author describes, in a step-by-step explanation, how to 
apply these principles when trying to analyze and understand how a circuit 
operates, 







Thevenin’s theorem is one of the most 
useful extensions of Ohm’s law ever de- 
vised. It is, however, a theorem most diffi- 
cult to present in a statement that enables 
the reader to readily understand and easily 
apply its principles. For this reason perhaps, 
some college courses in electrical engineer- 
ing do not delve into the theorem in aii}^ 
depth until in the senior year. 

Once the electronics student or technician 
does understand The ven in’s theorem, he will 



find it a most useful tool for analyzing 
and understanding electronic circuits. The 
theorem is a general transformation w^hich 
reduces any combination of active and pas- 
sive circuit elements to a simple equivalent 
circuit consisting of a voltage source in 
series with an equivalent passive element. 
It is a general theorem applicable to all 
combinations of passive circuit elements. 

With Thevenin’s theorem, one can re- 
place any portion of a circuit with a voltage 



source and an impedance in series, provided 
the portion replaced has only one pair of 
terminals. The voltage source in the 
Thevenin’s equivalent circuit \yill have a 
value equal to the open circuit voltage ap- 
pearing at the pair of terminals, and the 
series impedance will be the impedance 
that would be seen looking into the pair 
of terminals with all energy sources turned 
off and shorted. 




In this writer’s opinion, one of the more 
understandable presentations of Thevenin’s 
theorem is put fort la by Phillip Cutler in 
his book “Electronic Circuit Analysis, Vol- 
ume 1, Passive Networks”.* On the bot- 
tom of page 18 Cutler wu*ites, “1-5 Theven- 
in’s Theorem. Thevenin’s theorem states 
that any linear network of impedances and 
generators, if viewod from any two points 
in the network, can be replaced by an equiv- 
alent voltage source V«c and by an equiva- 
lent impedance Zth in series”. 

We wall take a look at the mechanics by 
W'hich this is achieved in a moment; but 
before wo do, let us see w-hat this presenta- 
tion actually says. 

* Copy right 1960 © McGraw--Hill Book 
Compan}', Inc,, New- York, Toronto, London 



Apparently the first thing wo need is a 
linear network of impedances and generators. 
To keep it simple, wo wall use resistors for 
the impedances and good solid voltage sup- 
plies for the generators. Our circuit might 
then look like the circuit in Figure 1. 

Cutler’s statement of Thevenin’s theorem 
next says wo must view this circuit from 
two points in the network ; let us select for 
these two points, the ground and common 
lead at point A. Next it tells us that 
The veil in pointed out wo can make a sub- 
stitution for the complex network made 
up of a single voltage source (which he 
called Voo) and a single series resistance 
(which he called Zth). 

Let us define Voo and Zth. Since ground 
is one point of reference and the common 
lead the other, Vo<- becomes the voltage dif- 



ference betwoen these two points. Thus in 
the circuit in Figure 1, 



Va — V= 

I 

Ri + 

Voc = V. -f I (R.) 

(Vi — VO R. 



= V= + 



Ri 



R2 



88 X 1 k 

Voc = 12 V + or 20 V. 

10k -f Ik 



If wo assume wo are using ideal batteries 
for our “good solid voltage supplies” wo will, 
of course, have zero impedance within the 
voltage sources. Looking back then into the 
circuit from our selected reference points, 
through the resistors to the zero impedance 
point, wo will see an impedance made up of 
the parallel resistance of the two divider 
resistors and this impedance becomes Zth. 
Thus in the circuit in Figure 1, 

10 k X 1 k 

Zth — or .91 k ohms. 

10 k -f 1 k 

According to Thevenin’s theorem, these 
two units, Voo and Zth, will be seen in series 
wlien used as a substitute for our simple cir- 
cuit, see Figure 2. 




Figure 2. Th'evenin’s equivalent of the circuit in 
Figure 1. 
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Figure 3. Transistor with a split collector load. 



Figure 4. Th'evenin’s equivalent of the circuit in 
Figure 3. 




Figure 5. Load line drawn on the collector curves for the transistor in Figure 3 showing where the 
transistor is operating In that circuit. 

V|=-HOO V 




V2=“50V 

Figure 6. Illustrotion of a circuit a bit more complex than the one shown in Figure 1 . 



Now let us put this idea into the practical 
framework of a real circuit. 

Figure 3 shows a transistor with a split 
collector load. Let us assume we have the 
collector curves for this transistor and we 
would like to draw in the load line to obtain 
an idea of where the transistor is operating 
and how we can expect it to perform in this 
circuit. We now need to know what the 
effective Vcc is and how much resistance 
is in the actual effective Rl. Applying 
Thevenin’s theorem, Vec turns out to be the 
Voc and Rl becomes the Zu, of the theorem, 
thus the Thevenin substitute for the circuit 
in Figure 3 would be the circuit shown in 
Figure 4. We can now draw in the load line 
for the transistor as shown in Figure 5. 

Naturally, the more complex linear net- 
works will require a bit more figuring and 
will establish the reason for labeling Thev- 
enin’s voltage as V«o, or open circuit voltage, 
rather than calling it the unloaded divider 
voltage or something else. However, as you 
have just seen, the figuring will involve only 
some very basic mathematics with which the 
electronic technician is (or should be) very 
familiar. There are other methods of ana- 
lyzing complex linear circuits; but, they 
involve simultaneous equations which are 
time consuming; and, beyond the scope of 
this article. 

As an example of a more complex cir- 
cuit, let us consider the circuit in Figure 6. 
The procedure, when using Thevenin’s 
theorem and analyzing a complex circuit, 
is to progressively apply the theorem to por- 
tions of the circuit until all elements of the 
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Figure 7. Thevenin’s equivalent for that portion of the circuit in Figure 6 up to point “A". 



circuit have been considered. If in Figure 

6 then, we break the circuit at point “A”, 

we can solve for Voc and Zth up to this 

point. In the interests of clarity, let us 

call the open -circuit voltage and impedance 

up to this point Voc and Zu, and the open 
1 1 

circuit voltage and the impedance of the 
entire circuit Voc and Zth. 

I t 

Thus : 



Voo 



V. + 



(Vh ™ \T) R. 

Ri + Rt. 



= -50 V + 



[100 V — (-50 V)] 15 k 
1 a k — [- 10k 



= -50 V -f 



150 V X 15 k 
25l^ 



= —50 + 90 V 
= 40 V 




Figure 8, The circuit in Figure 6 redrawn with portion 



“A" replaced with the Thevenin equivalent. 




Figure 9. Thevenin's equivalent for the entire circuit in Figure 6. 



^ _ R. X R, 

z t ii . — 

’ Ri + R^ 

_ 15 k X 10 k 

^ 15 k + 10 k 

_ 150 k 

S k 

= 6k 

The Thevenin equivalent then, for that 
portion of the circuit in Figure 6 up to point 
“A”, is the one showm in Figure 7. 

We can now' redraw the circuit in Figure 
6, replacing that portion of the circuit up to 
point “A” with its Thevenin equivalent. This 
gives us the circuit shown in Figure 8. We 
can now’ apply Thevenin's theorem to this 
circuit and obtain our original objective; ie, 
a complete analysis of the circuit in Figure 6. 

Voo x*41rk 
1 

^ + 4.7 k 
1 



40 Vx 4.7 k 



6 k 


+4.7 k 


17.5 V 


Zth 


xR. 

i 


Zth 

I 


+ R= 


6 k 


x4.7k 


6 k 


+ 4.7 k 



= 2.63 K 

The open circuit voltage (Voc) and the 
impedance (Zth) then for the circuit in 
Figure 6 is 17.5 V and 2.6 k, respectively, 
and the Thevenin equivalent circuit is the 
one shown in Figure 9. 



Thus : 

Voc 



4 




From the foregoing, it should be apparent 
that in analyzing complicated circuits we 
open the circuit so that we consider only two 
supplies and their resistances at a time. Look 
at the circuit in Figure 10. Here we would 
open the circuit at point “A”, take Vi and 
Ri and V3 and R2 and simplify them into 
one voltage supply and its series resistance. 
To this we would add the next supply and 
its series resistance, apply the procedure of 
Thevenin and find this new equivalent, and 
so on, until we had simplified the entire 
circuit. 

It is not difficult to use Th even in’s 
theorem once you understand it. We hope 
that in this article we have given 3^011 a 
better understanding of the theorem and a 
new tool for circuit analysis. 




Figure 10. When using Thevenin’s theorem to analyze a complicated circuit, open the circuit so that 
only two supplies and their associated resistors are considered at a time. 



WRITING SPEED IN PRACTICAL TERMS 
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aNEWAVE FREQUENCY* 



*lf the principal spot velocity component is 
vertical. This chart was computed for 10-90% 
risetime displayed at about 55° angle from the 
horizontal and for sinewaves having a peak to 
peak amplitude about 3X the width of one 
cycle, to minimize the effect of the spot velocity 
vector introduced by the time-base. 

HOW TO USE THE CFIART 

Use any two factors to find the third. 

Example 1 : Determine what oscilloscope/ 
camera .system is required to photograph, on 



a single -shot basis, a display of 100 MHz 
sinewaves on 6 cm higb. 

Reading up from 100 MHz and across 
from 6 cm, we find the intersection to be 
somewhat beyond 1000 cm/^s diagonal. If 
the fastest recording system available has a 
single- shot writing speed of 300 cm/^s, it 
becomes evident from the chart that the 
maximum amplitude of 100 MHz sinewaves 
that can be fully recorded is about 1 cm. 
Larger amplitudes may record at the peaks, 
but not at the “zero” crossing. 

Example 2: A storage oscilloscope having 



a single-shot writing speed of 1 cm//tis is to 
be used to display a single transient having 
a risetime of 200 ns. What is the maximum 
amplitude that will allow the entire leading 
edge to be stored? 

Reading down from 0.2 /zs (note that 0.2 
fxs would be to the left of 0.1 /ns) to intersect 
with the 1 cm/s line, we find that about 
2 mm is the maximum 100% amplitude that 
will assure storage of the 10-90% risetime 
with a single sweep. However, if gaps in 
the trace are allowable, a larger amplitude 
may be attempted. 








TYPE W HIGH-GAIN DIFFEREN- 
TIAL COMPARATOR UNIT— CALI- 
BRATION INFORMATION 

Some confusion exists concerning Step 6 
of the calibration procedure, Adjust DC 
Level R280, on page 5-3 in the Type W 
Unit’s Instruction Manual. In step “a,” you 
are instructed to connect a VOM between 
the emitter and connector leads of Q184. 
The problem is that the manual fails to 
point out that there is a test point installed 
in the ceramic strip nearest the amphenol 
connector in the Type W Unit and this test 
point is at the emitter lead of Q184. Some 
in attempting to perform this step are mis- 
takenly connecting to the top of R281. Try- 
ing to adjust for 6 volts differential between 
this point and the collector of Q184 will lead 
to frustration. The reading will never be 
less than approximately 9 volts. The re- 
quired reading must be made directly be- 
tween the emitter and collector leads of 
Q184. Figure 1 shows a view through the 
rear panel of the Type W Unit. The points 
to which the VOM must be connected when 
adjusting the DC level of R280 are clearly 
identified. 



TYPE 422 OSCILLOSCOPE WITFI 
BATTERY PACK — BATTERY PACK 
VOLTAGE CFIECK 




Figure 2. Type 422 Oscilloscope 3-ampere fuse 
holder with the thin-shell bock pierced 
to allow insertion of a VTVM lead. 



Here is a simple method for checking, 
under normal load conditions, the charge re- 
maining in the batteiw pack of a Type 422 
Oscilloscope, 

First modify the 3 -ampere fuse holder by 
piercing a hole thru the thin-shell back (see 
Figure 2). The thin-shell is composed of a 
plastic material and (luite easily pierced with 
a metal scribe. To check the battery voltage, 
turn the POWER MODE switch to the 
I NT BATT. position, turn the front panel 
POWER switch to ON, and insert one lead 
of a VTVM in the hole pierced in the 3- 
ampere fuse holder and connect the other 
lead to ground. 

This method allows an accurate check of 
battery-pack voltage without removing the 
pack or power supply from the instrument. 



Figure 1. Arrows indicate the points to which 
the VOM must be connected when adjusting 
the DC level of R280. 



TYPE 527 AND TYPE RM527 WAVE- 
FORM MONITORS — USE WITH A 
GENERAL ELECTRIC TYPE TV83 
DEMODULATOR 



We also call your attention to a correc- 
tion to Step 22, Check Input A lOOOX At- 
tenuator, on page 5-8 of the calibration 
procedure of the Type W Unit. Change the 
information in your manual to agree with 
the following: 



22. Check Input A 1000X Attenuator 

0 . Set the W Unit controls os follows: 
.COMPARISON VOLTAGE 0.011 
' INPUT ATTEN ' ' ■ . . 1000 

■ fa. Check thot the trace is centered. 

, ■ c. Set the Vc RANGE switch to f W ? +l.i 



(a-l'lo) 



d. Check that the' trace 



e. Set the Vc RANGE switch to 0^ 




Doesn't 7>iey« 



4u>i4ckt<t^JVe 'Hie 0 

'tkc 4 1.1 pdtlT/dvi. 



The following information concerns Type 
527 and Type RM527 Television Waveform 
Monitors located in television transmitter 
installations, and then, only when they are 
used in con] unction with a General Electric 
Type TV83 Demodulator to monitor percent 
of modulation. 

The flag pulse produced by tlie TV83 
Demodulator will charge the coupling capaci- 
tor (C29) in the Type 527 and Type RM527 
to a grealer-than-normal value. This over- 
charge will exist for about 2 ms. While it 
exists, the over-charge will deactivate the 
Trigger and DC Restorer circuits in the 
Type 527 and Type RM527. During this 
period, the black level of the waveform 
under observation will be displaced about 30 




IRE units above or below its normal level. 
The solution to the problem is : 

1. In the Sweep Trigger circuit of the Type 
527 or Type RM527, remove the cathode 
lead of D32 (a 6061 diode) from ground. 

2. Connect the cathode lead of a second 6061 
diode (Tektronix part number 152-0061- 
00) to tlie cathode lead of D32. 

3. Connect the cathode lead of the new diode 
to ground. 

4. Install a 560 k ^2 W, resistor (Tektronix 
part number 315-0564-00) between the 
junction of 'the two diodes and the — 140 
V supply. 

(Figure 4 is a partial schematic showing the 

above four steps.) 




Figure 3. 



5. In the DC Restorer portion of the Verti- 
cal Amplifier circuit, change the capacitor, 
C582, from a 100 pF to a 0.0033 /tiF capaci- 
tor (Tektronix part number 283-0051-00). 
If the instrument you are concerned with 
is a Type 527 with a serial number below 
745, or a Type RM527 with a serial number 
below 1190, we suggest you consult your 
Tektronix Field Engineer before attempting 
the above improvements. 

BENT BNC CONNECTORS 

Occasionally a female BNC connector 
will encounter an impact and become bent 
so it is no longer round. Often you can 
avoid the tedious and time-consuming job 
of replacing this damaged connector. If 
the connector is not too badly bent, the 
driver end of an Excell ite #6, 3/16" nut 
driver makes an excellent tool for straight- 
ening it. The driver has just the right out- 
side dimension to allow its insertion in the 
connector. After in.sertion, a little judicious 
wobbling will generally return the connector 
to a usable condition. 




TEKTRONiX TECHNICAL PUBLICATIONS 



Service Scope Number 39, August 1966 
detailed some of the Tektronix Technical 
publications that are currentl)’ available. We 
are listing more of these items below and 
also some information regarding Technical 
Data which is obsolete and not now avail- 
able. 

TEST SET-UP CHARTS 
These charts are reproductions of the 
front panels of Tektronix Oscilloscopes 
(combined with plug-in units where appli- 
cable). They enable an operator to set up 
the front panel controls for a particular dis- 
pla}^ or series of displays. Charts are avail- 
able in pads of 100 for the following in- 
strument/plug-in arrangements. 



INSTRUMENT PART 


NUMBER 


422 


070-0513-00 


453 


070-0529-00 


502 


070-0482-00 


502A 


070-0488-00 


503 


070-0483-00 


531 


070-0492-00 


532 


070-0493-00 


541 


070-0494-00 


545A/CA 


070-0481-00 


545A/R 


070-0485-00 


545A/Z 


070-0486-00 


547/1 A1 


070-0479-00 


561A/2A60/2B67 


070-0540-00 


S61A/3S76/3T77A 


070-0548-00 


567/3S76/3T77/6R1 


070-0487-00 


S67/3S76/3T77A/6R1A 


070-0547-00 


567/3A2/3B2/6R1A 


070-0541-00 


570 


070-0484-00 


575 


070-0480-00 


575/MOD 122C 


070-0489-00 


262 Program Card 


070-0490-00 


262 Aux. Program Card 


070-0491-00 



TECHNICAL ARTICLE REPRINTS 

Service Scope Number 35, December, 
1965 carried a list of reprints that were 
available at that time. Stocks of the fol- 
lowing are now exhausted : 

Pulse Reflections Pin Doimi Discontinu- 
ities 

Hoxo to Get More Out of Your Spectrum 
Analyzer 

Measuring the Cost of Programmed In- 
struction 

LIozv to Measure High Current Recovery 
Lines in Signal Diodes 
The following reprints are available in 
addition to those shown in Service Scope 
Number 35. 

Current Meas^lrements at Nanosecond 
Speeds by Murlan R. Kaufman. EDN 
(Electronic Design News), October 1965. 
Uses and applications of Tektronix High 
Frequency Probes and current transform- 
ers. 



Advances in Storage Scopes by Donald C. 
Calnon. ELECTRONIC INDUSTRIES, 
February 1966. A description of recent 
advances in Tektronix Bistable storage 
CRT's and oscilloscopes. 

Interpreting Spectrum Analyzer Displays 
by Morris Engel son, MICROWAVES, 
January 1966. A review of typical displays 
illustrating the versatility of Spectrum 
Analyzers in microwave measurement. 

Motiitoring of Vertical Inter field Test 
Signals by Charles Rhodes, JOURNAL 
OF THE^S.M.P.T.E. (Society of Motion 
Picture and Television Engineers) Febru- 
ary 1966. Methods of interpreting and 
displaying, with the aid of. Tektronix TV 
Waveform Monitor, VIT signals which 
permit continuous quality control of TV 
signals. 



These reprints and publications are offered 
on a first come first served basis. When 
quant ites are exhausted they will not be 
reordered. 

For price and availability details concern- 
ing all the above described publications and 
any other Technical Publication originated 
by Tektronix please contact the Tektronix 
Field Office, Distributor or Representative 
in your area or write to 



Solid State Oscilloscope Circuitry by Tek- 
tronix Engineering Staff, ELECTRONIC 
PRODUCTS, February 1964 describes the 
development of the Type 647 oscilloscope 
circuitr}'. 

Where to Use Storage Scopes by Geoffrey 
Gass, ELECTRONIC PRODUCTS, 
November 1965. Six applications for the 
storage scopes showing the display conven- 
ience available with storage facilities. 

OBSOLETE PUBLICATIONS 
The following is a list of current publica- 
tions that should be ordered instead of the 
obsolete publications shown in the left-hand 
column. These obsolete publications may be 
available in limited quantities but, in most 
cases, have not been up-dated since 1960 or 
so. Those marked * are out of stock com- 
pletely. 



International Marketing 
Tektronix, Inc. 

P.O. Box 500 
Beaverton, Oregon 97005 
U.S.A. 
or 

Tektronix Limited 
P.O. Box 36 
St. Peter Port 
Guernse 3 ^ Channel Islands 
British Isles 



OBSOLETE PUBLICATION 


REPLACED BY 
(Order Part No.) 


CURRENT 

PUBLICATION 


Fundamental Electronic Concepts for oscillo- 
scope use and maintenance (1956)* 


070-0190-00 


A primer of Waveforms and 
their Oscilloscope Displays 


‘Junction Function’ (I960)* 




Programmed Instructions, Vol- 
umes 1-7. Basic Semi-conduc- 
tors. 


Calibrating the 181 Time-mark Generator 
(FIP-2) 1960 


070-0292-00 


Type 181 Instruction Manual 


Adjusting the Delay Line and VA in the 
541/545 (FIP 4) 1958 


070-0203-00 

070-0198-00 


Type 541 Instruction Manual 
Type 545 Instruction Manual 


310 Condensed Operating information 
(FI P-6) or 

31 OA Condensed Operating Information 
(FIP-6A) or 

310A Recalibration and Trouble shooting 
(FIP-9) 


070-0244-00 


310/310A Instruction Manual 


Calibrating the Type 1 05 square wave gen- 
erator. (FI P-7) or 

Operating Information on the Type 105 
(FIP 11581) 


070-0371-00 


Type 105 Instruction Manual 


Type 517 re-calibration procedures 
(FlP-1282) 


070-0229-00 


5 1 7/51 7A Instruction Manual 


Notes on the Practical Photography of 
Oscilloscope Displays (FlP-3)* 


070-0383-01 

070-0527-00 


Cl 2 and C2 7 Camera Manual 
and C30 Camera Manual 


Interpreting Oscilloscope Displays of Mag- 
netic Ink Testers* (FIP 10) 


070-0283-00 


Magnetic Ink Character Recog- 
nition 


Frequency Comparisons using roulette pat- 
terns. (061-0147-00, A2024) 


Service 

Scope No, 26 
June 1964 


(Up-dated in Service Scope 
article) 
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‘ektronix Instrument Service Centers:- TKere is a fully-equipped ,and properly-sta: 




INTRODUCTION 



Spectrum Analyzer displays illustrated in 
this article include : frequency stability 

(long- and short-term), amplitude modula- 
tion, frequency modulation, pulse modula- 
tion, ECM measurements, time-domain 
measurements, balanced modulator adjust- 
ment, antenna pattern measurements, video 
pulse spectra, and wide-dispersion measure- 
ments." 

It is assumed that the reader is reason- 



FREQUENCY STABILITY 

The spectrum analyzer can measure both 
long- and short-term frequency stability. 
But the measurement is limited by ; 

(1) Spectrum Analyzer Stability. Obvious- 
ly oscillator stability cannot be measured 
if the unit under test is more stable than 
the oscillators used in the spectrum analyzer. 

(2) Resolution Capability. The analyzer's 
ability to determine the type and/or source 
of the instability depends strongly on the 
instrument’s resolution bandwidth. For ex- 
ample, we cannot determine whether an os- 
cillator is FM’ing at a 60 or 120 hertz rate 
when spectrum analyzer resolution is 500 
hertz. 

Short-term stability. This measurement con- 
cerns fast frequency changes such as those 
caused by power-supply noise and ripple, 
vibration or other random factors. 
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Figure 1. 

Fig. 1 shows the random FM characteris- 
tic of a 3- GHz klystron. Spectrum analyzer 
dispersion is 2 kHz/cm and the resolution 
is 1 kHz. Oscillator FM is about 10 kHz 
— equivalent to 3 ppm. 




Figure 2. 

A short-term stability measurement taken 
on a storage scope is shown in Fig. 2. A 



ably familiar with the operating principles 
of the superheterodyne spectrum analyzer. 
Therefore, the accompanidng discussion 
stresses the interpretation of the displays 
rather than the procedures to generate them. 
For background reading, however, the ap- 
pended bibliography is suggested. 

All displays are actual, imretouched pho- 
tos. Figures 1 through 33 were taken by 
Russ Myer of Tektronix using the follow- 



stored display is convenient here because of 
the extremely slow sweep speeds necessary 
to narrow-dispersion displays. Dispersion is 
50 Hz/cm, resolution is 10 hertz and the 
input signal is 60 MHz. The test signal has 
a spectral width of about 150 hertz. This 
is equivalent to a stability of 2.5 ppm. 

Long-term stability. Here we show the 
measurement of frequency drift as a func- 
tion of time. The procedure depends on the 
characteristics of the spectrum analyzer 
used. One could photograph the screen at 
given intervals, and compare the position of 
the signal on the various photographs. If 
the spectrum analyzer has an auxiliary ver- 
tical output capable of driving a paper chart 
recorder, a permanent record can be ob- 
tained without photography. 

The use of a storage oscilloscope is even 
more convenient with the scope set on a 
single sweep and triggered at appropriate 
intervals, thus storing a complete record 
of drift on the CRT. 




Figure 3. 

For the storage-scope photo of Fig. 3, 
spectrum-analyzer dispersion is 1 kFIz/cm, 
and the input frequency is 60 MHz. The up- 
per half of the screen shows the drift of 
an unstabilized oscillator as it was heated. 
The oscilloscope was manually triggered at 
one-minute intervals. The drift was about 
2 kHz per minute during the first three min- 
utes, but diminished in rate thereafter, be- 
coming nearly stable by the sixth minute. 
The total drift is on the order of 6.5 kHz 
or 108 ppm. 

Temperature compensation can be com- 
puted easily since the amount and direction 
of drift is known. The lower half of the 
photo shows the drift after modifying the 



ing Tektronix instruments : spectrum an- 
alyzer plug-ins— 1 LI 0,1L20, 1L30, 3L10; 
oscilloscopes— 547, 549, 555, 564 ; time do- 
main plug-ins— 1 S i, 3B4 ; signal sources— 
114, 184, 190. Figures 34 and 35 were taken 
by George Thiess of Microwave Physics 
Gorp._ 

In all photos each horizontal division is 
one cm. 



oscillator. Total drift is now about 1 kHz, 
an improvement of 6.5:1. 

A M FLIT U DE M ODU L ATIO N 

Modulation frequency and modulation per- 
centage are the quantities usually desired 
in an AM measurement. Spectrum analysis 
is particularly useful in complex situations 
such as multi-tone modulation or overmodu- 
lation. 




Figure 4. 



Fig. 4 shows an overmodulated AM sig- 
nal. Note the characteristic AM spectrum, 
consisting of a carrier and two sidebands, 
and the presence of additional, unwanted 
sidebands. Spurious sidebands, together with 
primary sidebands where amplitude is great- 
er than one-half the carrier (100% modu- 
lation yields sidebands which are one-half 
the carrier amplitude) positively identify 
overmodulation. 




Figure 5. 



Fig. 5 shows the same signal, but with 
the modulation reduced to 50%. The dis- 
persion of the spectrum analyzer is 1 kHz/ 
cm ; the vertical display is linear. Thus, the 
modulating frequency is seen to be 1 kHz. 
Since the sideband amplitude is one-quarter 
that of the carrier, the modulation is 50%. 
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Figure 6. 



Fig. 6 was photographed at a dispersion 
of 2 k Hz/cm ; vertical display is linear and 
center frequency is 60 MHz. Observe that 
the 60-MHz carrier is modulated at two fre- 
quencies ; 1.6 and 7.5 kHz. Modulation is 
approximately 85% at 7.5 kFTz and 20% at 
1.6 kHz. 

Over modulation can be distinguished from 
two- tone modulation in two ways, evident 
by comparison of Figs. 4 and 6 : ( 1 ) Spac- 
ing between overmodulated sidebands is 
equal while two- tone sidebands are arbitrar- 
ily spaced; (2) The amplitude of over- 
modulated sidebands decreases progressive- 
ly from the carrier, but amplitude of two- 
tone sidebands is determined by the modu- 
lation percentage and can be arbitrary. 

FREQUENCY MODULATION 



FM measurements generally concern mod- 
ulation frequency, spectral width, index of 
modulation and deviation. A typical FM 




Figure 7. 



spectrum is shown in Fig. 7. Dispersion is 
200kHz/cm and the spectral width is about 
1 MHz. The exterior modulation envelope, 
typically resembling a cos" curve, identi- 
fies the frequency modulation. The interior 
envelope appears on the screen because the 
FM rate is of the same order as the ana- 
lyzer’s resolution bandwidth. Consequently 
side bands are not resolved adequately and 
the trace cannot return to the base line at 
every pulse. 




Figure 8. 



The same FM signal appears in Fig. 8 
but the dispersion has been reduced to 10 
kHz/cm and the resolution is 1 kHz. The 
double- envelope display does not occur and 
the sidebands are clearly visible. Modula- 
tion frequency is 10 kHz. 



FREQUENCY DEVIATION 

There is no clear relationship between 
spectral width and deviation, since, in theo- 
ry, the FM spectrum extends to infinity. 
But in practice, the spectral level falls quite 
rapidly as shown in Fig. 7. Experience in- 
dicates that the deviation is on the order 
of Y 2 the observed spectral width. 

V ery accurate deviation measurements 
can be obtained if the modulation frequency 
can be varied. It can be shown that for 
FM the carrier goes to zero at a modula- 
tion index (ratio of deviation to modulating 
frequency) of 2.4; other nulls occur at other 
modulation indices — e.g., the second null oc- 
curs at an index of 4.8. 



This knowledge is the basis of a very 
powerful deviation measurement method 
known as the carrier null method. Figs. 
9, 10 and 11 demonstrate this method. These 
figures were taken at a dispersion setting 
of 200 kHz/cm and a resolution of 100 kHz. 




Figure 9. 




Figure 10. 




Figure 1 1 . 

Note that the spectral width is the same as 
in Fig. 7 but the modulating frequency has 



been increased so that individual sidebands 
can be resolved. In all three figures, the 
signal has been adjusted so that the carrier 
is at the center of the screen. 

Fig. 9 shows a fairly large carrier. In 
Fig. 10, the modulation frequency is in- 
creased and the carrier level has decreased. 
In Fig. 11, the modulation frequency is 
increased further so that a null occurs at 
the position of the carrier. Since the ob- 
served modulating frequency is 200 kHz and 
since the observed index of modulation is 
2.4, the deviation is 480 kHz. 



I‘U L S E M ODU L ATIO N 

Square pulses — A pulse-modulated signal 
generates a complex spectrum of the famil- 
iar sin x/x type. For example, a square 
pulse generates a spectrum described by sin 
7rft/7rft, where t is pulse width and f is 
frequency deviation from the carrier. Fig. 
12 shows the spectrum of a 1-GHz carrier 
modulated by a 0.67-/iS square pulse. Ob- 
serve that the spectrum is entirely above the 
baseline, whereas Fourier theory indicates 
that adjacent lobes should be out of phase 
by 180 deg. This phenomenon occurs be- 
cause the spectrum analyzer is insensitive 
to phase. A second apparent inconsistency 
is that while the spectrum should be (in 
theory) solid, the display consists of ver- 
tical lines. This stems from the fact that 
the superheterodyne spectrum analyzer is 
not a real-time device. It takes many pulses 
to trace out the spectrum. Thus, each ver- 
tical line represents the sampling of one 
pulse. 




Figure 12. 



Now we can manipulate the spectrum- 
analyzer controls to determine the charac- 
teristics of the signal. In Fig. 12 the 
spectrum-analyzer dispersion is 1 MHz/cm 
and the vertical display is linear. For a 
square pulse the theoretical pulse width 
t = 1/fo, where fo is the spectral sidelobe 
width. From Fig. 12, fo c- 1.5 MHz. There- 
fore t =::i: 0.667 /4S. Assuming that the ver- 
tical display is perfectly linear, we find 
that the ratio of main lobe to first side- 
lobe is 6:1.2. This is equivalent to 14 dB. 
More accurate measurement using the spec- 
trum analyzer’s calibrated attenuators gives 
a ratio of 13 dB. Theoretically, the main 
lobe is 13.2 dB greater than the first side- 
lobe. 
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Figure 13. 



Fig. 13 shows the same signal but with 
the dispersion set to zero. (This means that 
the sweep is only in time rather than in 
frequency ; the analyzer is now a micro- 
wave receiver with a CRT readout). The 
display is merely a set of equally spaced 
lines. Since each line represents a pulse, 
the pulse rate can be easily measured. Here 
the scope is sweeping at a 1-ms/cm rate; 
one cycle of the modulating pulse requires 
1 ms. The pulse rate is therefore 1 kHz. 




Figure 14. 



As previously indicated, it is not the 
lines themselves, but only their envelope that 
is of interest. Sometimes it is advanta- 
geous to present an integrated display show- 
ing only the outline of the spectrum. Such 
a display, shown in Fig. 14, is obtained by 
using a postdetection (video) filter. This 
kind of display has several advantages : 
The baseline and its accompanying glare 
are eliminated and weak signals are more 
apparent. Noise is reduced automatically 
by integration and anomalies are removed. 
On the other hand, bandwidth and sensi- 
tivity are reduced (often by 1 to 5dB). 
Sweep speed also decreases. 

Sometimes it is desirable to limit the 
signal’s spectral width by filtering, pulse 
shaping, etc. It then becomes important 
to identif^^ low-level signals. This is ac- 
complished by operating the analyzer in 
its logarithmic mode so that low level sig- 
nals are enhanced relative to large signals. 




Figure 15. 



In the logarithmic display of Fig. 15, the 
main lobe and the first eight side lobes 
are discernible. 

PULSES IN THE PRESENCE OF FM 

All signal sources, regardless of how care- 
fully designed, have a certain amount of 
incidental FM. This limits the type of 
pulse modulation that can be used. 




Figure 1 8. 



Fig. 16 shows a carrier with incidental 
FM deliberately applied. Analyzer disper- 
sion is 5 kHz/cm and FM spectral width 
is on the order of 12 kHz. Fig. 17 shows 
the carrier with the FM removed. (The 
large signal in the center of the main lobe 
is due to a poor on-off ratio in the modula- 
tor. This phenomenon is discussed in an- 
other section.) Fig. 18 shows the combina- 
tion of FM and pulse modulations. Note 
that the signal is not symmetrical and that 
the sidelobes are uneven. An extensive dis- 
cussion of pulsed RF in the presence of 
FM is found in Montgomery.'^ 

EFFECTS OF PULSE SHAPING 

Spectral width can be controlled by sev- 
eral means, including that of pulse shaping. 
The effect of pulse shape on spectral distri- 
bution s illustrated in the following spec- 
trum analyzer displays. Fig. 19 shows the 




Figure 20. 

conventional sin x/x spectrum of an RF 
signal modulated by the square pulse of 
Fig. 20. 




Figure 22. 



Fig. 21 shows an RF signal modulated 
by the asymmetrical triangular pulse in Fig. 
22. Note that the sidelobes in Fig. 21 are 
considerabl}^ lower than those in Fig. 19. 




Figure 23. 



Fig. 23 shows an RF signal modulated 
by the symmetrical triangular pulse shown 
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Figure 24. 



in Fig. 24. Note that this spectrum is al- 
most completely devoid of sidebands. As 
the effective pulse width changes, so does 
the width of the main lobe. The spectrum 
analyzer dispersion was adjusted between 
Figs. 19, 21 and 23, so that the main lobe 
would continue to occupy approximately the 
same number of divisions — this to better 
illustrate the disappearance of the side- 
lobes. 



ECM MEASUREMENTS 




Figure 25. 



In countermeasure work, intelligence is 
sometimes transmitted so as to be masked 
by another signal. An example is the trans- 
mission of information at the null point 
of a pulsed RF signal. Fig. 25 shows 
transmission of a 100-kHz-wide signal at the 
null point. The pulsed RF signal has been 
expanded using the scope horizontal mag- 
nifier control. The cw signal at the null 
point is clearly discernible on the analyzer 
but less so to a ferret receiver. 

PULSE MODULATOR ON-OFF R.A.TIO 

Sometimes the carrier to be pulsed is 
not turned off completely during the pulse- 
off time. This results in a combination of 
cw and pulsed signals. Measurement of on- 
off ratio is complicated by the fact that 
the spectrum analyzer has higher sensitivity 
for cw signals than for pulsed signals. 
The ratio in sensitivity is 3/2 t^, where t 




Figure 26. 



is pulse width and p is spectrum analyzer's 
3-d B bandwidth (resolution bandwidth). 

Fig. 26 shows a typical pulsed RF signal 
generated by a modulator that has a poor 
on-off ratio as indicated by the large sig- 
nal within the main lobe. Dispersion is 
0.5 MFIz/cm (pulse width 1.3 /is), resolu- 
tion bandwidth is 100 Kc and the vertical 
display is linear. To find the on-off ratio 
we compute the loss in pulse sensitivity rela- 
tive to cw : 

3/2 (1.3) (lO-*^) (W) = 1.95 X 10-^ 

20 logio 1/0.195 14.2 dB 

Next, from the vertical deflection in Fig. 
26, the cw signal amplitude is 1/3 that of 
the pulsed signal. This is equivalent to a 
difference of 20 logic 3 ^ 9.5 dB. The 
total on-off ratio is 9.5 + 14.2 ~ 23.7 dB. 



DUAL-BEAM SPECTRUM ANALYSIS 




Figure 27. 



It is sometimes useful to simultaneously 
observe both the RF spectrum and modulat- 
ing waveform, as when shaping a pulse to 
generate a desired spectrum. With a dual- 
beam arrangement, we simultaneously ob- 
serve changes in the modulating pulse and 
the resultant frequency spectrum. With mi- 
crowave sampling scopes we can observe 
both the modulated carrier and the modu- 
lating pulse in time domain. Fig. 27 shows 
a dual -trace display of a 1-GHz carrier 
modulated by a 1-^s pulse. The upper trace 
is in time domain at 1 fis/cm. The lower 
trace is in frequency domain at 1 MFIz/cm. 



TIME-DOMAIN MEASUREMENTS 




Figure 28. 



Some spectrum analyzers can function 
both in time and frequency domains. Such 
instruments are not meant to replace oscil- 
loscopes, as their sensitivity is rather poor 
(lOOmV/cm) and their input impedance is 
low (50 12). In microwave systems, how- 
ever, where detectors like to be terminated 
in 50 12, useful information can be obtained 



with such anab^zers. Fig. 28 is a double- 
exposure photo showing the time domain 
characteristics of the modulating pulse as 
the upper trace and the output spectrum as 
the lower trace. The same display could 
have been obtained with a dual-beam oscil- 
loscope. 




Figure 29. 




Figure 31. 

BALANCED-MODULATOR ADJUSTMENT 



Balanced modulators often are used to 
impose suppressed-carrier modulation. Figs. 
29 to 31 illustrate how this application can 
be monitored by a spectrum analyzer. Fig. 
29 shows a modulator that is not well bal- 
anced. The carrier is almost as large as the 
side bands. The balance controls are now 
adjusted to an intermediate stage of per- 
formance as shown in Fig. 30. The fully 
adjusted system, with the carrier almost 
entirely suppressed, vields the spectrum of 
Fig. 31. 

A NTEN N A-PATTERN M EASUREM ENTS 

The spectrum analyzer also can be used 
to provide antenna-pattern data. Assume 
that the transmitting antenna under test is 
stationary. A transmitted pulse is picked 
up by a receiving antenna and displayed on 
the analyzer as a typical sin x/x spectrum. 
If the analyzer’s input frequency is centered 
on the main lobe and the dispersion reduced 
to zero we get a set of equal amplitude lines 
across the screen. Each line represents one 
transmitted pulse. 
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Assume now that the test antenna is rotat- 
ing. A very strong signal is received when 
the pickup antenna is located in the main 
lobe of the transmitting-antenna pattern ; 
signals are weaker in the si delobes and mini- 
mal in the i)attern nulls. If the spectrum 
analyzer is swept very slowly, so slowly in 
fact that one sweep corresponds to 360 deg. 
of antenna rotation, the CRT screen can be 
calibrated in degrees to display a complete 
antenna pattern. 




Figure 32. 



Fig. 32 shows such a simulated antenna 
pattern. The ten horizontal screen divisions 
correspond to 360 deg. of antenna rotation, 
36 deg. per division. Since the vertical dis- 
play is linear with voltage we can compute 
amplitude differences directl^^ Thus, 3 dB 
is 0.707 of maximum deflection or 0.707 x 
5.8 = 4.1 divisions. 

The main lobe of the pattern is about one 
horizontal division wide at the 4.1 division 
height and the antenna therefore has a beam 
width of about 36 deg. The center of the 
screen corresponds to the 180-deg. position. 
The ratio of main lobe deflection (5.8 divi- 
sions) to that at 180-deg. rotation (0.2 divi- 
sions) is the antenna’s front-to-back ratio, 
which for this antenna is 11.6, or 21.3 dB. 

One precaution : the receiving antenna 
must have very low sidelobes and a narrow 
beam width in comparison to the transmit- 



ting antenna so as not to affect the recorded 
pattern. Keep in mind also that the analyzer 
must be swept quite slowly to record the 
pattern. A paper chart recorder or storage 
scope can therefore, be very helpful. Fig. 
32 was displayed on a storage scope. 

VIDEO PULSE SPECTRA 

It is sometimes useful to examine the 
Fourier spectrum of a video-pulse train 
directly, without modulating a carrier. 
Whereas in a pulsed RF signal the spectrum 
is centered around the carrier frequency, 
the spectrum for a video pulse goes to zero 
frequency. 




Figure 33. 



Most spectrum analyzers having wide dis- 
persions cannot display such low frequencies. 
However, some spectrum anah'zers using- 
balanced mixers for local oscillator suppres- 
sion are suitable. Fig. 33 shows the spec- 
trum of a 0.4-/iS pulse. Analyzer disper- 
sion is 2 MHz/cm. 

W I DE I) I S I ' E RS 1 0 N M E A S U K E M E NTS 

A new class of spectrum analyzers having 
.gigahertz dispersions recently has appeared 
on the market. The accompanying figures 
illustrate two applications of these new 
devices. Fig. 34 shows eleven signals spaced 
at 1-GHz intervals from 2 to 12 GHz. An- 
alyzer dispersion is 10 GHz. 




Figure 35. 



Fig. 35 shows the harmonics of a 900-Mc 
MHz transistor oscillator. The spectrum 
analyzer is sweeping from 1.7 to 12.5 GHz. 
We observe that this oscillator has sub- 
stantially no output beyond the 6th harmonic. 
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TEKTRONIX PROBES — PROBE- 
IDENTIFICATION TAGS 

While engaged in multi -probe applications, 
have you ever experienced frustration in 
quickly locating correlating probe ends or 
determining which probe cable led to which 
probe ? 

We have available, plastic probe-identifi- 
cation tags (see Figure 1) that help you 
locate correlating probe ends quickly and/or 
determine which probe cable leads to which 
probe. 

These tags come in two versions, one ver- 
sion has a .125-inch center hole to fit 
around the smaller cable used on some of 
our probes, the other has a .178-inch — ,185- 
inch center hole to fit around the larger 
cable used on other of our probes. The tags 
are packaged 20 tags of a center-hole size to 
a package — 2 tags each of ten colors. 



For use on probes with the smaller cable 
order Tektronix part number 334-0789-00. 
For use on probes with the larger cables, 
order Tektronix part number 334-0789-01. 
Please order through your local Tektronix 
Field Engineer, Field Representative, or 
Distributor. 




Figure 1. Probe Identification Tags 

TYPE 310 AND TYPE 310A— CALI- 
BRATION-PROCEDURE NOTES 

In the Type 310 and Type 310 A Instruc- 



tion Manual, on page 5-12 of the Calibration 
Procedure section, paragraph “d” reads: 
“d. Connect the CAL OUT connector to 
the TRIG INPUT connector as well as to 
the INPUT connector.” Change this to 
read: “d. Connect 0.2V from the CAL 
OUT connector to the TRIG INPUT con- 
nector as well as to the vertical INPUT 
connector.” 

The specifications for the Type 310 and 
310A call out 0.2 V as the trigger reciuire- 
ments for external trigger on these instru- 
ments. Failure to repeat the information in 
the calibration section of the instruction 
manual has caused confusion for some when 
calibrating these instruments . Our apologies 
to these people. We hope this information 
clears the confusion. 
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NEW FIELD modification KITE 



BLANK PLUG-IN 



This field modification kit supplies the 
necessar}^ liardware to construct a skeleton 
plug-in unit for use in a Tektronix Type 560 
Series Oscilloscope. This kit is intended for 
those who wish to design their own special- 
purpose plug-in units. 

From the information supplied in the kit, 
a skeleton plug-in unit can be constructed 
so as to be compatible with a specific Type 
560 Series Oscilloscope or with several (or 
all) of these instruments. 

The kit also supplies pertinent informa- 
tion so that the special plug-in may be de- 
signed to operate in conjunction with either 
a Tektronix-produced plug-in unit in a Type 
560 Series Oscilloscope or with a second 
special plug-in unit. 

This modification kit is applicable to the 
following Type 560 Series Oscilloscopes : 
560, 561, RM561, 561A, RM561A (including 
MOD 210C), 564, RM564, 565, RM565, 567, 
and RM567. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0245-00. 



USED INSTRUMENTS FOR SALE 

1 — Type 511 Oscilloscope, sn 111. Price: $175. 
Contact: R. R. Chittenden, Electro Mechanical 
Company, P.O. Box 7886, Portland, Oregon. 
Phone: 289-8885. 

1 — Type 517 Oscilloscope, sn 781, with power 
supply and probe, good condition. Would like 
cash or a Type 541 Oscilloscope with a Type 
53/54 C Dual-Trace Plug-In Unit. Contact: G. L. 
Boelke, 505 Main Street, West Seneca, New 
York 14224. 

1 — Type 515A Oscilloscope, sn 1687. Contact: 
Mr. George Dupont, New York Stock Exchange. 
Phone: 212-HA 2-4200 x 463. 

1 — ^Type Q Transducer and Strain Gage Plug-In 
Unit, sn 1742. About 2 years old, new condition. 
Price: $275.00, FOB West Palm Beach, Florida. 
Contact: Jerry Strasser, Solitron Devices, Inc., 
1177 Blue Heron Blvd, Riviera Beach, Florida. 
Phone: 305-848-4311. 

1 — Type 585A Oscilloscope; 1 — Type 82 Dual- 
Trace Plug-In Unit; 1— -Type 202-2 Scope-mo- 
bile<® Cart; and 1 — C12R Oscilloscope Camera 
with projected graticule. Available for immedi- 
ate delivery. Price: 10% off catalog list price. 
Contact: Mr. H. Brawley, 25 Hemlock Street, 
Norwood, Massachusetts. Phone: 617-769-3888. 

1 — Type 511 Oscilloscope, sn 438, PllA CRT. 
Price: $150.00. Contact: R. S. Komp, Box 372, 
Fairhaven, New York 13064. Phone: 315-947- 192 L 
1 — ^Type 131 Amplifier. Approximate age 14 
months. Contact: Tom Thompson, Bemis Bag 
Company, 325 - 27th Avenue, N.E., Minneapolis, 
Minnesota. 

1 — ^Type 105 Square Wave Generator. Price: 
$175. 1 — Type 112 Preamplifier; 1 — Type 121 
Preamplifier. Price: $110 each. 1— Type 180S1 
Time Marker. Price $290. We are interested in 
either purchasing or trading for used Type 321 
Oscilloscope and Type 575 Curve Tracer. Con- 
tact: Denes Roveti. Technical Director, Roveti 
Instruments, 1643 Forest Drive, Annapolis, Md. 
21403. 

1 — Type 561A Oscilloscope, sn 6000; 1 — Type 
3S76 Dual-Trace Sampling Plug-In Unit, sn 402; 
1 — Type 3T77 Sampling Sweep Plug-In Unit, sn 
340. Contact: Allen Avionics, P. O. Box 350, 
Mineola, New York. 

1 — ^Type 512 Oscilloscope, sn 1997, includes most 
modifications. Was completely overhauled in 
1961. Contact: Mr. J. R. Harkness, Briggs & 
Stratton Corp., P.O. Box 702, Milwaukee, Wis. 
53201. Phone; 414-461-6600. 



TYPE 502 DUAL-BEAM OSCILLO- 
SCOPE-VARIABLE TIME/CM 

This modification adds a VARIABLE 
control to the TIME/CM switch on the 
Type 502 Oscilloscope. This provides a 
sweep rate continuously variable tin cali- 
brated from 1 /isec/cm to over 12 s/cm. 

Order through your local Tektronix Field 
Office, Field Engineer, Field Representa- 
tive, or Distributor. Specify Tektronix part 
number 040-0221-00. 



TYPE 524K TELEVISION OSCILLO- 
SCOPE — PROBE POWER 

This modification installs a probe power 
socket on the front panel of the Type 524D 
Television Oscilloscope. This allows a 
P500CF cathode-follower probe to be used 
with the oscilloscope. DC filament voltage 
for the probe's vacuum tube reduces hum 
to a minimum. 

The P500CF Probe presents a low input 
capacitance with minimum attenuation. 

This modification kit replaces the Type 
524D Probe Power Modification Kit (Tek- 



1— Type 551 Oscilloscope, sn 757; 1— Type 53/54 
C Dual-Trace DC Plug-In Unit, sn 20847; 1— 
Type 53/54 H Wide-Band High-Gain DC Plug-In 
Unit, sn 591. Excellent condition, less than 200 
hours total operation. Price: $1400 total, or will 
sell separately. Contact: Dr. B. J. Wilder, 

Neurology, J. Hillis Miller Health Center, Uni- 
versity of Florida, Gainesville, Florida. Phone: 
904-376-3211. Ext. 5418. 

1 — Type 544 Oscilloscope; 1 — Type 1A2 Dual- 
Trace Plug-In Unit; 1 — P6016 AC Current Probe; 
l~Type P Fast-Rise Test Plug-In Unit, sn 2530. 
About 4 years old, new condition. Price: $50.00, 



USED INSTRUMENTS WANTED 

1 — Type 531, 532 or 533 Oscilloscope less plug- 
in. Please state condition and price when 
answering. Contact: Mr. J. R. Harkness, Briggs 
& Stratton Corp., P.O. Box 702, Milwaukee, 
Wisconsin 53201. Phone: 414-461-6600. 
l-y-Type 515 or Type 535 Oscilloscope. Contact: 
Fidelitone, Nick L. Miku, 6415 North Ravens- 
wood Avenue, Chicago, Illinois 60626. Phone: 
312-274-0075. 

Wanted to buy used Type 516 Oscilloscope. 
Contact: Tim Denning, Tim’s Electronic Service, 
Houghton, Iowa. Phone: 319-469-2364. 

Used 500 Series Oscilloscope, at least 15 MHz 
band. Contact: Jim Worthington, 301 Longview 
Drive, Monroeville, Pennsylvania. 

1 — Type 310 or Type 310A Oscilloscope. Contact: 
Mr. R. L, Goodman, Clark Dunbar, 325 Jackson 
St., Alexandria, Louisiana. Phone: 318-443-7306. 
1— used Type 515 Oscilloscope. Contact: Mr. 
John Bohinko, 117 Abbot Street, Plains, Pennsyl- 
vania. 

1— Type 543B Oscilloscope; 1 — Type 1A2 Dual- 
Trace Plug-In Unit; 1— Type 1A7 Differential 
Amplifier Unit. Contact: Brooks Delecktro, 41 
East 42nd Street, New York, New York 10017. 
Attn: Miss Brooks. Phone: 212-687-4940. 

Used Type 536 Oscilloscopes and Type T Time- 
Base Generator Plug-In Units. Contact: Mr, 
Julie, Julie Research Laboratories, 211 West 61st 
Street, New York, New York. Phone: 212- 
Circle 5-2727. 



For complete information contact your Field 
Engineer, Field Representative, or Distributor. 



tronix part number 040-0059-00) which pro- 
vided AC filament voltage for the probe’s 
vacuum tube. It will also convert a Type 
524D with the 040-0059-00 modification kit 
installed from AC to DC filament voltage 
for the probe’s vacuum tube. 

Order through your local Tektronix Field 
Office Field Engineer Field Repre.senta- 
tive or Distributor. Specify Tektronix part 
number 040-0273-00. 



CORRECTION NOTE 

In the October, 1966 issue of Service 
Scope there is a typographical error on page 
4, The set of equations just opposite Figure 
4, as printed reads : 

Voc x417k 

Voc = ^ 

t Zth "i“ 4.7 k 
1 



It should read : 

Voc X 4.7 k 

Voc = ^ ,,,, 

t Zth 4.7 k 
1 



MISSING INSTRUMENTS 

Following are the instruments reported to us 
in the past 60 days as lost or presumed stolen. 
With each instrument (or group of instruments), 
we list their legal owner. Should you have any 
information on the present whereabouts of these 
instruments, or information that might lead to 
their eventual recovery, please contact the indi- 
vidual or firm listed here as the owner. If you 
prefer, you may relay your information to any 
local Tektronix Field Office, Field Engineer, or 
Field Representative. 

1— Type 533A Oscilloscope, sn 3465; l~Type CA 
Plug-In Unit, sn 19411; 1 — ^Type D Plug-In Unit, 
sn 8630; 1 — ^Type Z Plug-In Unit, sn 541, were 
removed from the premises of Electramatic, Inc., 
over Labor Day weekend. Anyone having infor- 
mation concerning these instruments, contact 
Mr. Arnold Gilbertson, 3324 Hiawatha Avenue, 
Minneapolis, Minnesota 55406. Phone: PA 1-5074. 
Mr. Forrest Barker with the Los Angeles City 
College, has lost his four 502 Oscilloscopes, The 
serial numbers are 8506, 8854, 9280 and 9779. 
Mr. Barker would appreciate hearing from any- 
one with information on the whereabouts of his 
instruments. His phone number is 213-633-9141, 
ext. 259. 

1— Type 310A Oscilloscope, sn 21352. This ins- 
trument disappeared, and is presumed stolen, 
from a car about two months ago. If you have 
information concerning this instrument, please 
contact Mr, Bill Wise, Mosler Safe Company, 
Pittsburgh, Pennsylvania. 

1 — Type 516 Oscilloscope, sn 1539, was reported 
missing last week of September, 1966. Contact: 
M. J, Coppler, Florida Telephone Corp., Lees- 
burg, Florida. Phone: 904-787-4525. 

1 — Type 422 Oscilloscope, sn 1672 disappeared 
and is presumed stolen from Jean C. Bisset, 
“GEWSEN” Western GEEIA Region, McClellan 
AFB, California 95628. 

1 — Type 321 Oscilloscope, sn 000106 presumed 
stolen. Anyone having information concerning 
this instrument please contact: Mr. Vourganas, 
Baird Electronics, 630 Dundee Road, Northbrook, 
Illinois. Phone: 312-272-2300. 

1 — Type 321A Oscilloscope, sn 1366 disappeared 
on approximately May 13, 1966. Contact: Univac, 
Plant 3, St. Paul, Minnesota. 

1 — Type 321A Oscilloscope, sn 00194 reported 
missing on October 25, 1966. Contact: Univac 
Division (Sperry-Rand), 3645 Warrensville Center 
Road, Cleveland, Ohio 44122. Attn: W. Uminski. 
Call Collect, Phone: 216-752-7000, Ext. 36. 
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A PRACTICAL APPROACH 

TO 

TRANSISTOR 

AND 

VACUUM TUBE 
AMPLIFIERS 



by F. J, BECKETT 
Tektronix, Inc. 

Electronic Instrumentation Group 
Display Devices Development 

Two articles published in past issues of Service Scope contained information 
that, in our experience, is of particular benefit in analyzing circuits. The first 
article was ''Simplifying Transistor Linear-Amplifier Analysis” (issue #29, 
December, 1964). It describes a method for doing an adequate circuit analysis 
for trouble-shooting or evaluation purposes on transistor circuits. It employs 
the "Transresistance” concept rather than the complicated characteristic-family 
parameters. The second article was "Understanding and Using Thevenin's The- 
orem” (issue #40, October, 1966), It offers a step-by-step explanation on how 
to apply the principles of Thevenin’s Theorem to analyze and understand how 
a circuit operates. 

Now, in this issue of Service Scope, we present the first of three articles 
that will offer a practical approach to transistor and vacuum-tube amplifiers 
based on a simple DC analysis. These articles will, by virtue of additional in- 
formation and the tying together of some loose ends, combine and bring into 
better focus the concepts of "transresistance” and the principles of Thevenin’s 
Theorem. We suggest that a "refresher” reading of the two previous articles 
will enable our readers to more readily follow the information in this and the 
two following issues of Service Scope. 



The Editor 




Part I 

THE TRANSISTOR AMPLIFIER 

INTRODUCTION 



Tubes and transistors are often used to- 
gether to achieve a particular result. Vacu- 
um tubes still serve an important role in 
electronics and will do so for maii 3 ^ years 
to come despite a determined move towards 
solid state circuits. 

Whether a circuit is designed around 
vacuum tubes or transistors or both, it is 
important to recognize the fact that the 
two are in many ways complementary. T t 
is wrong to divorce vacuum tubes and 
transistors as separate identities each pe- 
culiar to their own mode of operation. 
Indeed, as this series of articles will show 



there is an analogy between the two. It 
is true of course, that the two are entire- 
13 ^ different in concept; but, so often we 
come across a situation where one can be 
explained in terms of the other tliat it is 
ver 3 ^ desirable to recognize this fact. 

Transistor and vacuum tube data give us 
very little help in the practical sense. Pa- 
rameter Curves and electrical data show 
the behavior of these devices under very 
defined conditions. In short, they are more 
useful to the designer than the technician. 
We are often reduced to explaining most 
circuits in terms of an ohms law approach ; 



so, it seems pointless not to pursue this ap- 
proach to its logical conclusion. 

In this first article we will look at a 
transistor amplifier as a simple DC model; 
and then, in the second article, look at a 
vacuum-tube amplifier in a similar light. 
W'e will assume that both devices are op- 
erated as linear amplifiers and then use 
the results in a practical wa>^ 

One must bear in mind that this ap- 
proach cannot be assumed in all cases. 
It is, as it is meant to be, a simple analy- 
sis but the results will prove to be a yalu- 
able tool in trouble-shooting and under- 
standing circuits. 



Let us consider the general equation for 
current through a P.N. diode junction. 




where V — applied volts 
lo ~ reverse bias current 
p =z constant between 1 & 2 



and Ve = where k = Boltzmans 

q 

Const., 1.38xl0'*‘* Toule/°Kelvin 
T ziz absolute temperature in degree Kel- 
vin at room temperature, i.e., T = 300 
q " electronic charge 1.602 x lO""*® Cou- 
lomb. 



Vo 



300 

Jim 



= 0.026 volts 



OBJECTIVE 

The objective of this paper is to present 
a practical approach to Transistor and 
Vacuum-tube amplifiers based on a simple 
DC analysis. 

The articles will be published in the fol- 
lowing sequence. 

1. The Transistor Amplifier. 

2. The Vacuum-tube Amplifier. 

3. An anabasis of a typical Tektronix h>^- 
brid circuit (Tj^pe 545B vertical) based 
on conclusions reached in (1) and (2). 

As a corollary they will bring forward 
some important relationships between vacu- 
um tubes and transistors. 




w V/4&. Vp^ ' V/*0 }.v ¥ 

THE FORWARD VOLT-AMPERE CHARACTERISTICS 
OF A GERMANIUM AND SILICON DIODE 



Figure 1. 



Figure 1 shows a typical forward volt/ 
amp characteristic for germanium and sili- 
con diodes. Figure 2 is a plot of the col- 
lector current or the base cii-rrent versus 
the base-to-emitter voltage of a transistor; 
point A on this curve is a typical operating 
point. 




Figure 2. Line (1) is a plot of the base cur- 
rent versus the base-to-emitter voltage (Vbe). 
Line (2) is a plot of the collector current 
versus the base-to-emitter voltage (Vse). Point 
“A” is a typical operating point. 



One is quite justified in looking at a 
transistor in terms of the two-diode con- 
cept, refer to Figure 3. Therefore, assum- 
ing diode A to be forward biased and di- 
ode B to be reverse biased, as would be the 
case if we were to operate the transistor 
as a linear amplifier, the current through 
diode A will conform to equation (1). 
Let us take a closer look at Figure 2. 

We define conductance in the general 
case as 



I 




and therefore at our operating point “A” 
the dynamic conductance 




Figure 3. Illustration of the two-diode con- 
cept of a transistor. 
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but I >> lo then g' = 
I 



dVo 



O. 026 n 



mhos 



(4) 



The term “p” takes into account the re- 
combination o£ carriers in the junction re- 
gion. It is approximately unity for ger- 
manium and approximately 2 for silicon. 
At a typical operating point this term can 
usually be neglected. Therefore, we may 
sav that 



g' “ — if I is in milliamps, 
26 



( 5 ) 



Now resistance is the reciprocal of con- 
ductance and therefore the value of con- 
ductance at point “A” can be given in terms 
of resistance 
26 



I'e 



I 



S2’s 



( 6 ) 



This resistance (r«) is commonly known 
as the dynamic emitter resistance. 



At this point we will depart from our 
simple model and look at the transistor in 
another form; but, bear in mind our first 
thoughts. Transistor parameters are derived 
from various equivalent circuits depending 
upon the configuration i.e., common emitter, 
common base, or common collector. We will 
not consider any detailed analysis in this 
approach ; but, to understand the approach 
it is necessary to know how these param- 
eters are derived. It will be simple enough 
to derive another set of parameters once 
we have our basic model constructed. 

The simplest and easiest equivalent cir- 
cuit of a transistor is the “Tee” equivalent. 
It is a very good approximation about the 
behavior of a transistor, especially at DC 
and low frequencies. We can also represent 
either the common emitter or the common 
base simply by interchanging Ri, and R,>. 
Figure 4 is a “Tee” equivalent circuit of 




COMMON BASE 




COMMON EMITTER 



Figure 4. “Tee” equivalent circuits for the 
common-base and common-emitter configura- 
tions of fransistdrs. 



the common emitter and the common base 
configurations. 



Firstly, let us define the term (the 
small-signal current gain) as 

and since Ie = Ic + Ib 
then I,, = E (1 + ^ ) (8) 

usually ^ >> 1 then Ie !<> 



Equation (8) shows us that only ^ of 

the emitter current flows into the base. 
Hence, it is reasonable to suppose that any 
impedance in the emitter, when viewed from 
the base, will be p times as great ; and, 
any impedance in the base, when viewed 
from the emitter, will be p times as small. 
That is to say, the dynamic resistance mul- 
tiplied by p must equal R„ in our equiva- 
lent “Tee” circuit. 



Hence Re ~ pre 



Our equivalent circuit shows a resistance 
Rb. This resistance is known as the base- 
spreading resistance. It is a physical quan- 
tity and can be expressed in terms of resis- 
tivity associated with the base-emitter junc- 
tion. It can vary between a few ohms to 
hundreds of ohms, depending upon tlie type 
of transistor ; and therefore, must be taken 
into consideration. Looking into the emitter 
we see it as an impedance whose value is 
divided by p and appears in series with 
the dynamic emitter resistance (r,.). Hence 
the emitter current encounters an impedance 
in the base/emitter junction which is equal 
to the sum of the dynamic resistance plus 



^ , the latter term we will designate R,- 

/? 

and the sum of these two resistances we 
will designate Rt. 



Hence Rt = i\. -b Rr (9) 



The value of Rr can vary anywhere be- 
tween 2 0 to 24 O depending on the value 
of Rb. Rb is difficult to measure and rare- 
ly given in electrical data on transistors. 
A figure of 250 O’s is a typical value at low 
frequencies. Therefore, if p were SO then 
Rr would be 5 O’s. 



Now if we look into the base in the com- 
mon emitter or the common collector con- 
figuration it is reasonable to suppose we 
will see the resistance (Rt) — plus any other 
impedance which may be wired to the emit- 
ter terminal — multiplied by p, then 

R,, p(R, + R,0 (10) 

where Re = the external emitter resistance. 

If Re >> Rt then Rm — pR^ 

So far we have had very little to say 
about Re shunted by the current generator 
oc Ie. If our equivalent “Tee” circuit con- 



sisted of resistances alone, it would be pas- 
sive; i.e., it could supply no energy of its 
own. But a transistor can amplify energy 
to the signal. To represent this we have 
shown a current generator shunting Rc. 
The value of Rc will depend on the circuit 
configuration; i.e., tens of kilohms for a 
common emitter configuration, to many 
megohms for a common base configuration. 
In our approach it is not necessary to pur- 
sue this matter any further since we will 
not be considering a transistor in any ex- 
treme condition. 



Now in a more practical sense, let us . 
look at Figure 5, a typical common -emit ter 
configuration. 




Figure 5. A typical common-emitter circuit. 



Now we will assume Rc >> Re. 



Now by inspection 

Eout == Vcc - AIcRe (11) 

hence aEoiu = — ATRi. (12) 

The input impedance we see looking into 
the base of a transistor in the common emit- 
ter configuration is 



Rln — /?(Rk “b Rt) 



also Alh 



A V bb 

Rih 



AVbb 

^ "^(Re + Rt)' 

we also recall that 






Alc 

All. 



( 10 ) 



(13) 



(7) 



hence Alo = ySAE (14) 

Therefore substituting equation (13) in 
equation (14) 



T .. AVbl) 

^ ~ + RO 

and from equation (15) 
AVbb AIc (Re “b Et) 



(15) 



(16) 
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we define the voltage gain as 



power supply can be placed in this category 
so far as the signal is concerned. 



^Eout 

Then from equation (12) and equation 
(16) 



A(v) = - 



Alo Hi. 

Ale- (Rk + R.) 



(17) 



Ri. 

Rk + Rt’ 



and if Rk >> Rt then 



A(v) 



Rk 



(18) 



If we analyze the common-base configura- 
tion in a similar manner we arrive at the 
same result with the one exception that the 
sign is positive. 



The conclusion we can draw from this 
analysis is that the gain of a transistor stage 
is set by external conditions provided that 
the emitter resistance is sufficients^ great 
enough to “.swamp” our internal resistance 
(Rt). In the absence of an emitter resist- 
ance 



There is one very important fact we 
must remember about Rk. Re will be that 
impedance in which the signal current will 
flow to the AC ground. We define an AC 
ground point as that point in a circuit at 
which the power level of the signal has been 
reduced to zero. 

We normally encounter tliree types of an 
AC ground: 



1. An Actual AC Ground. 




Figure 6. lilustrating the three types of AC 
ground normally encountered in electronic cir- 
cuits. 



2. An Apparent AC Ground. 

The apparent AC ground may be repre- 
sented by any point in a circuit which acts 
as to represent a low impedance between 
that point and the actual AC ground there- 
by bypassing the signal to an actual AC 
f round. A large value capacitor is a typical 
example should one side be returned to an 
actual AC ground. 

3. The Virtual AC Ground. 

The virtual A.C. ground point is perhaps 
the most difficult to recognize. It may best 
be explained as that point in a circuit where 
we have two signals of equal amplitude and 
frequency but exactly opposite in phase. 
Figure 6 will help clarify these points. 

Figure 8 summarizes the results of our 
DC analysis of the common emitter, com- 
mon base and common collector. 




Figure 7. We define the parameter Rc in the common-base “Tee” configuration as; 

A Ycc 1 ohms 



Where AVco is the change in the collector voltage because of the change in collector current Ah, 
when we hold the emitter current U constant. 



This is the chassis point or the DC 
ground point. It is as well to remember the 



Once the collector becomes saturated, the change in U Is very small for a large change in Vce. Hence, 
Rc is a very large resistance and does not modify the DC equivalent circuit to any extent. For this 
reason it was omitted from Figure 7. Therefore; Rout — Rl (Common Base). 



LIST OF SYMBOLS 



Voltage gain defined 


ae,.„. 

as — — — 
AEi„ 


Ro 


Emitter resistance (Tee 
Equivalent) 


Rt 


The “Transresistance” resistance 
(re + Ro) 


Base current 




Re 


External Emitter resistance (refer 
to text) 


re 


dynamic emitter resistance 


Collector current 




Re(s) The equivalent resistance between 


Vbb 


Base voltage 


Emitter current 






the signal source and the emitter 
terminal of the transistor in the 


Voo 


Supply voltage 


Collector resistance 
lent) 


(Tee Equiva- 


Rl 


common base configuration. 
Load resistance 


Vo. 


Collector to emitter voltage 


Base spreading resistance (Tee 


Rr 


R-, 


A 


(Delta) the change in the variable 


Equivalent) 






T 




with which it is associated. 
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BASIC CIRCUIT 


EQUIVALENT 


CIRCUIT 


EQUATIONS 


REMARKS 


, ^ Vcc 






Gain = A(v)= - ^ 






BASE 


COLLECTOR 


Rin= pRt 




|rl 


PRti ^ 


|rl 




A resistance (Re) between the 
emitter terminal of the transistor 
to the AC ground will modify the 




o^Ie 






gain equation and the input im- 
pedance; then. 










"'■> = - R, + R, 








R« = /5 IRe + R,). 




EMITTER 










COMMON 


EMITTER 






Gain = A(v)= H* - 
Rin= Rt 
Rout= R|_ 




The equivalent resistance Rf(,) 
between the input signol source 
and the emitter terminal of the 
transistor will modify the gain 
equation and the input imped- 
ance as seen from the signal 
source; then, 






Signal { ^^{s) 

Source i 



COMMON BASE 




p(RE+Rt>> (y^J 



EMITTEra 



Gain= Am=^ 

Re+Ri 

RiN = p(RE-i-Rt) 

Rout= (Rt + 4) in 

p 

parallel with R^ 



COLLECTOR 



The octual value of Rout will de- 
pend on what resistance is con- 
nected to the base. Let us assume 
the base is directly coupled to the 
preceding stage. The equivalent 
output impedance of the preced- 
ing stage becomes the numerator 
over beta in the second term in 
the parenthesis and the output 
impedance of the stage under 
consideration Rout is modified ac- 
cordingly; eg., if the output im- 
pedance of the previous stage Is 
1 00 n, then 

100 

Rout ~ (Rt -f in parallel 



COMMON COLLECTOR 
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SILVER-BEARING SOLDER AND 
SILVER SOLDER: TWO DIFFERENT 
THINGS 

Many components in Tektronix instru- 
ments are moimteci on ceramic strips. The 
notches in these strips are lined with a 
silver alloy and repeated use of ordinary 
tin-lead solder will breakdown the silver-to- 
ceramic bond. For this reason, we recom- 
mend the use of a silyer-bearmg solder 
containing 3% silver when performing serv- 
ice or maintenance work that requires solder- 
ing on these ceramic strips. This type of 
solder is used frequently in printed circuits 
and should be readily available from radio- 
supply houses.* 

SiWcr -bearing solder should not be con- 
fused with silver solder. They are two dif- 
ferent things! 

The use of silver-bearing solder in the 
construction and maintenance and repair of 
electronic circuits is a safe and accepted 
practice. The silver -bearing solder used and 
recommended by Tektronix for ceramic strip 
soldering, melts at about 365 degrees Fahr- 
enheit, and is applied with an ordinary sol- 
dering iron. It is composed of 60% tin, 
37% lead, and 3% silver. It contains abso- 
lutely no cadmium! It produces no toxic or 
lethal fumes! 

Silver solder, on the other hand, is a 
brazing alloy and is most commonly used by 
welders. It is composed essentially of silver, 
copper, zinc, and sometimes cadmium. When 
the alloy is composed of 45% silver, 30% 
copper and 25% zinc it requires approxi- 
mately 1340 degrees Fahrenheit to melt it 
and it is usually applied with an acetylene 
torch. Should either the silver solder or the 
metals to which it is being applied contain 
cadmium, this high temperature will cause 
the cadmium to vaporize and release fumes. 
These fumes will be toxic and they can be 
lethal. 

In summar)', let us repeat ; Silver-bearmg 
solder and silver solder are two different 
things : 

Silver-bearing solder is used primarily in 
the soldering of electronic circuits. Silver 
solder is an alloy used in the brazing and 
welding of metals. 



Silver-/;earin (7 solder is applied with a 
soldering iron and requires only relatively 
low temperature to melt it. Silver solder 
is applied with an acetylene torch and re- 
quires a high temperature to melt it. 

Silver-/;ean ’«(7 solder absolutely does not 
produce toxic fumes. Silver solder, if it 
contains cadmium or is used on metal con- 
taining cadmium, does produce fumes that 
are toxic and can be lethal. 

Positively no silver solder is used in aii}^ 
Instrument produced by Tektronix, Inc. 

*lf you prefer you con order this solder 
directly through your local Tektronix Field 
Office, Field Engineer, Field Representative, 
or Distributor. Order Tektronix part number 
251 - 0515 - 00 . 



OOPS! WRONG PART NUMBER 

In the December 1966 issue of Service 
Scope, we transposed two figures in the 
Tektronix part numbers for the probe iden- 
tification tags. The part number for the 
identification tags for use on the smaller 
(0.125" diameter) cables is 334-079(?-00, and 
the number for the larger (0.178 to 0.185" 
diameter) cables is 334-0795-01. 



COMPONENT LUBRICATION KIT 
FOR TEKTRONIX INSTRUMENTS 

We have available a component lubrica- 
tion kit for Tektronix instruments. The 
kit contains : a detent lubricant in a con- 
tainer-applicator ; a switch-contact lubri- 
cant In a container-applicator ; a pot lubri- 
cant in a container-applicator; 12 each de- 
tent-ball replacements (for lost or worn 
detent balls) in the following sizes — 5/32", 
3/16", and 7/32"; a #3 brush, and an in- 
struction book. 

The instruction book contains information 
on the cleaning and washing of Tektronix 
instruments and when an Instrument needs 
lubrication. It also contains illustrations 
showing the different types of switches used 
in Tektronix instruments and tells how to 
lubricate them and replace worn or lost 



detent balls. The lubrication of potentiom- 
eters and fan motors and the care of air 
filters are also covered. Suggestions for 
the lubrication of rackmount tracks are 
given. 

You may order the kit through your local 
Tektronix Field Office, Field Engineer, 
Field Repre.sentative, or Distributor. Speci- 
fy Tektronix part number 003-0342-00. 

TYPE 1L5, TYPE ILIO, TYPE 1L20, 
AND TYPE IL30 PLUG-IN SPEC- 
TRUM ANALYZERS WITH A TYPE 
132 POWER SUPPLY 

These spectrum analyzers can be used 
in conjunction with a Type 132 Plug-In 
Unit Power Supply and the output dis- 
played on any Tektronix oscilloscope that 
has a Sawtooth-Out sweep voltage available 
on the front panel. 

Positive output-polarity voltage from the 
Type 132 can be applied to the DC-coupled 
input of the oscilloscope. Centering of the 
oscilloscope sweep is performed with the 
oscilloscope vertical-position control prior 
to RF signal application to the analyzer. 
Tlie analyzer vertical-position control can 
then be used for trace positioning. 

The Sawtooth-Out sweep voltage from the 
oscilloscope is applied to the Sweep-Input 
connector. 

TYPE ILIO, TYPE 1L20, AND TYPE 
1L30 PLUG-IN SPECTRUM ANALYZ- 
ERS— VERTICAL TRACE SFIIFT 

If a vertical trace shift is encountered 
when a Type ILIO, Type 1L20, or 
Type 1L30 Plug-In Spectrum Analyzer is 
switched between linear and log mode, sus- 
pect a gassy input tube in the indicator 
( oscilloscope) vertical amplifier. The out- 
put impedance of the analyzer unit is much 
higher In the log mode than it is in the 
linear mode. If grid current is present 
in the input tube, this current will give a 
different voltage drop across the input 
resistance (analyzer output impedance) ; 
consequently, a DC shift of the trace will 
result. 



simplify 

waveform 

measurements 



Tektronix Type 502A 

100/4V/cm dual-beam oscilloscope 

im Measure stimulus and reaction 
on the same time base. 

I I Measure transducer outputs, 
such as pressure vs. volume. 

r~1 Measure phase angles and 
frequency differences. 

I I Measure characteristics of 
low-level signals. 

The Type 502A combines the performance 
capabilities unique to dual-beam oscillo- 
scopes with operational features designed to 
simplify and speed up your measurements. 

You can examine two waveforms simultane- 
ously by applying input signals to both of the 
identical vertical amplifiers. You can use each 
vertical amplifier in a differential display mode 
to examine the difference between two signals. 
You can also use the Type 502A as a single- 
beam X-Y oscilloscope or as a dual-beam 
X-Y oscilloscope with both traces plotted on 
the same X scale. 

This performance is combined with operating 
conveniences which include pushbutton beam 
finders for quick location of off-screen sig- 
nals, vertical signal outputs, intensity balance 
for identification of upper and lower beams, 
single-sweep operation, Z-axis input, vari- 
able control of vertical and horizontal deflec- 
tion factors, electronically-regulated power 
supplies for stable operation, and other re- 
finements. 

performance characteristics include: 

Bandwidth from DC to 100 kHz at 100 ^V/cm, 
increasing to DC to 1 MHz from 5 mV/cm to 
20 V/cm • Calibrated deflection factors from 
100 //V/cm to 20 V/cm in 17 steps; continu- 
ously variable between steps, uncalibrated, 
and to 50 V/cm ® Common-mode rejection 
of at least 50,000:1 from DC to 50 kHz ••Phase 
difference between amplifiers less than 1 de- 
gree from DC to 100 kHz • Calibrated sweep 
rates from 1 jus/cm to 5 s/cm in 21 steps • 
2X, 5X, 10X, 20X sweep magnification • Flex- 
ible trigger facilities • Amplitude Calibrator 
• 10 cm by 10 cm display area. 





Tektronix, Inc, 



For complete information contact your Field Engi- 
neer, Field Representative, or Distributor. 
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USERS OF TEKTRONIX INSTRUMENTS 








PRACTICAL APPROACH 
TO TRANSISTOR AND 
VACUUM TUBE AMPLIFIERS 



BY F. J. BECKEH 
TEKTRONIX, INC. 

ELECTRONIC INSTRUMENTATION GROUP 
DISPLAY DEVICES DEVELOPMENT 



PART 2 

THE VACUUM TUBE AMPLIFIER 



This is the second in a series of three articies offering a new 
approach to transistor and vacuum-tube amplifiers. This new 
approach is based on a simple DC analysis that incorporates 
the concepts of “transresistance” and the principles of Thev- 
enin's Theorem. 

Part 1, “The Transistor Amplifier”, which appeared in the 
February, 1 967 issue of SERVICE SCOPE considered the tran- 
sistor amplifier as a simple DC model. This second article 
looks at the vacuum-tube amplifier in a similar light and sees 
some striking similarities in the two devices. 








Ill the previous article (Part I, “The 
Transistor Amplifier) of this series, it 
was shown that the gain of a linear tran- 
sistor amplifier is set by external condi- 
tions. The same reasoning can also be 
applied to vacuum tubes. The ecjuivalent 
circuit of a vacuum-tube amplifier is shown 
in Figure 9. The current that is produced 
in the plate circuit by the signal (E^^) act- 
ing on the grid is taken into account by 
postulating that the plate circuit can be 
replaced by a generator, — having an 
internal resistance (rp). We may also 
consider a vacuum-tube amplifier in terms 
of the constant-current form by replacing 
the voltage generator in the constant -volt- 
age form with a current generator (gm E^) 
shunting the internal resistance (rp). 

These two approaches are valid in every 
respect but they do not convey much to 
us in the practical sense. Let us now con- 
sider a vacuum-tube amplifier from an- 
other approach. 

In an amplifier which has its grid ref- 
erenced to ground all plate-circuit imped- 
ances, Ri. and rp, when viewed from 
the cathode are multiplied by the term 

i — . Also, by the same reasoning, the 

IX + 1 

cathode impedances when viewed from the 
plate circuit are multiplied by the term 
{fi + 1). Therefore, the impedance we 
see looking into the cathode must be 

^ , where (i equals the amplifica- 

II -f 1 

tion factor of the tube. 

Hence it is reasonable to suppose that 
the voltage Ec, reference Figure 10, appears 
across this impedance we see looking into 
the cathode. 





A 







B 



Figure 9. Illustrating the more familiar equivalent circuit of a vacuum tube amplifier, 
(a) The constant voltage generator form or the Thevenin equivalent. 

|b) The constant current generator form or the Norton equivalent. 



The Triodc Atuplifier {Ground Cathode) 

We will now look at a Iriode amplifier 
in terms related to our equivalent circuit. 
The common component is of course, the 
plate current. The change in this current 
due to the action of a control grid will 
determine the output voltage across the 
load impedance (Rl)- 



Now Ejj = Ec + Ek 
That is to say 

fi'p + Rt: 



E, Ip 



Or, Eg = Ip 
Also, El 



/i + 1 

rp + Ri. 



+ IpRk 



+ Rk 



+ 1 

Eb Ep -j-Ek 

or Eb = Ebb — Ep — El 
and Ep = — IpRl 



(19) 



( 20 ) 

( 21 ) 

( 22 ) 

(23) 



We define the voltage gain A(v> as 



A(v) 



Eg 



(24) 




We now have arrived at an equation 
for gain which is a ratio of impedances. 
The same approach may be applied to the 
grounded- grid configuration and we arrive 
at a similar result, except the sign is posi- 
tive. 



Th c 1 \'}i t * ) (■/(:’ A',u plifier 

In the triode amplifier all the cathode 
current will flow through the output load 
impedance (Rl)- However, in the case of 
the pentode and other multi grid tubes, some 
of this current is diverted into the screen. 
Equation (23) defines the output voltage 



in terms of the plate current. Therefore, 
to derive the actual gain figure we must 
determine the actual amount of cathode 
current which will finally reach the plate 
and become signal current. This figure 
can be arrived at from a graphical analy- 
sis of the mutual-conductance curves. In 
most cases, about 72% of the cathode cur- 
rent reaches the plate to become signal 
current. A typical example is a type 12BY7 
pentode. However, this figure can be as 
high as 90% for some types — for example 
a 7788 pentode. The ratio of the plate cur- 
rent (Ip) to the cathode current (Ik) is the 

plate efficiency factor, i.e., t] = 

Ik 

Now let is reexamine what effect this 
fact must have on the gain of a pentode 
amplifier as compared to a triode ampli- 
fier. The impedance we see looking into 
the cathode of a pentode is the same as for 
a triode. 



That is 



rp + Rl 



however rp >> Rl and therefore Rl can 
usually be neglected in this equation. 



That is to say — — 

fi + 1 gm 

and since conductance is the reciprocal of 
resistance we will call this impedance rk. 



i.e. rk = — (26) 
gm 

We have seen that the gain equation of 
the triode amplifier is defined in terms of 
the parameters fi and rp. We should not 
lose sight of the fact that /i and rp are 
related to the plate current and therefore 
when these parameters are transferred to 
cathode dimensions these terms must be 
multiplied by the plate efficiency factor (?/). 
That is to say the impedance we see look- 
ing into the cathode rk must be multiplied 
by (t]). With these facts in mind let us 
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now derive the gain equation for a pentode 
amplifier. 

We recall that: 



Eb — Ebb — Ep — Ek (22) 

and Ep == — IpRi. (23) 

also Efr == Ec + Ek (19) 

= 7?rklk + IkRk (27) 

but Ik =: — (28) 

V 



Therefore substituting equation (28) in 
equation (27) 

T^Tklp IpRk 

Ek = + 

V V 

= Ip(rk + -^) (29) 

V 

and since the voltage gain 




IpRi. 

Ip (rk Rk) 



V 

Rl 

I'k -|- Rk 



(30) 



The same remarks we made about the ex- 
ternal emitter resistor Rk (refer to Part 
No. 1, The Transistor Amplifier) apply 
equally as well to the cathode resistor, Rk ; 
namely, Rk zvtil be that impedance in zvhich 
the signal current zmll flozv to the AC 
ground. 



In the case of the grounded plate (the 
cathode follower) we do not need to con- 
sider the plate efficienc^^ factor if the am- 
plifier is triode connected, therefore, the 
“gain” can be considered in terms of a 
simple divider network which can never 
be greater than unity. 



A(v) 



Rk 

Rk -f- rk 



(31) 



The Push-Pull Amplifier 

We can view a push-pull amplifier in a 
similar light by recognizing tlie existence 
of a virtual AC ground point between the 
cathodes of V (d and V (-> as shown in Fig- 
ure 11. Therefore, the gain of a push-pull 
triode amplifier will be: 

(32) 

Rl(i) -}- Rk(;>) 

j*k(jj -|- R,.(j) -|- 

where subscripts (1) and (2) are associ- 
ated with V(i) and V<2). 

And if : 



Rk(l) RkO) 

and I'ko) = I'kcj) 

which is usually the case; then, 
RkO) -j- Rl.CJ) 



A(v) — 



2i*k + 2Rk 



(33) 



Where 



i*p Rl 

"7+T 



(either V(d or V{2)) 



and Rk = Rk(u or Rk<2) 

With a push-pull pentode amplifier we 
must consider the plate-efficiency factor 
(?/). Therefore, 

(34) 



A(v> 



pentode =: 



Rl(i) + Rlo) 

2rk + fR7 



V 

where rk = either V(d or V(2> 

gm 

Rk Rk(i) or Rk( 2 ) 

77 — plate-efficiency factor of ei- 
ther V(i) or V(2). 



The Cascade Amplifier 

The cascode amplifier fundamentally con- 
sists of two tubes connected in series, see 
Figure 12. Normally we usually fix the 
grid of V(i) at some positive voltage. 

The key to understanding this type of cir- 
cuit is to consider V(2) as a voltage-activated 
current generator. All the current delivered 
by V{2) passes through the output load im- 
pedance Rl. Any change in voltage appear- 
ing at the grid of V(2> appears as a change 
in current across Rl. We can derive the 
gain equation in the same way as we did 
for a pentode amplifier. There is no need 
to consider (17) if both tubes are triodes. 

A(v) (stage) = - — (35) 

Kk(2) -j- rk(2) 

where rk<2) — — 

/i(2) + 1 

_ 1 

gm(2) 

where the subscripts (1) and (2) are as- 
sociated with V(i) and V(2). 

One of the advantages of this type of 
circuit is that the internal impedance which 
shunts Rl is extremely high. 

In this respect the triode cascode ampli- 
fier closely approximates a pentode ampli- 
fier. If we compare the pi ate- cur rent versus 
plate- voltage curves of both devices we 
see a close resemblance. 



The Hybrid Cascode Amplifier 

Figure 13 is a typical configuration con- 
sisting of a vacuum tube Vi and a tran- 
sistor, Qi, connected in series. We can 
apply much tlie same approach as we did 
for the cascode vacuum-tube amplifier. Let 
us assume the base to emitter junction of 
Qi to be forward biased. The collector cur- 
rent of Qi becomes the plate current of 
Vi. Therefore, an}' change occurring at 
the base of Qi is reflected as a change in 
plate current in V3. 



+ Ebb 




|rl( 2 ) push pull 

j AMPLIFIER 

+ Ebb 



Figure 11. A typical push-pull triode amplifier. 
We normally encounter two virtual AC ground 
points between the cathodes Vi and V2. It may 
be necessary to consider the effect of the virtual 
AC ground point at the junction of Ri and R2. 
If Rl or R2 is large in value compared respectively 
to Rk(i) or Rk(2) then we can neglect this virtual 
AC ground and consider Rk in terms of Rk(i) or 
Rk{2). However, if this is not so, Rk will be the 
parallel combination of Rk(i) and Ri or Rk(2) and R2. 



+ Ebb 




Figure 12. illustrating a cascode amplifier using 
two triodes. 



+ Ebb 




Figure 13. A typical hybrid cascode amplifier 
using a transistor and a vacuum tube. 
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COLLECTOR 



Gain = A(v)= 
Rin= pRt 




A resistance (Re) between the 
emitter terminal of the transistor 
to the AC ground will modify the 
gain equation and the input im- 
pedance; then, 

*'■’ = - rT^ 

Ri. = /? (Re + Rt). 



EMITTER 
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Gain=A(v)= — — 

rk+^ 

Where: 

Rl= load resistance 

■gin 

Rr = CATHODE RESISTOR 
(Refer Text) 

It = PLATE EFFICIENCY 
FACTOR 



TRIODE PAIR 
6 ain = A(v)= 



Where: 



Rl(i)~I'Rl(2) 

2rR+2Rk 

rp + RL 
M + \ 



PENTODE PAIR 

6a.n=a(v)= - ;m»+rl<2) 

2rK-F^ 
Where: = ^ 5 ,^- ’’ 

Subscripts (dandU) are 

ASSOCIATED WITH V|ANDV2 



GAIN= A(v) = 



Where; 



Rl(i) ^ . Rl 

•^(2)+Rk(2) RE + Rt 

Where: 

■ gmT2) '^L* load RESISTANCE 

m Rf = ^e+ Rr 
m Re= external emitter 

RESISTANCE 
* REFER PART I 

"THE TRANSISTOR 
AMPLIFIER** 



Gains A(v)= 



Rk+*'k 



Routs rk in parallel with Rk 



Where; rks-IH_ 
^+1 



Figure 16 
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We recall (Part 1, The Transistor Am- 
plifier, Eq. 10) that the input impedance 
we see looking into the base of a transistor 
in the common-emitter configuration is : 

=: + RO (10) 

Now Ein = IbRin 

= Ib /5 (Re + Rt) (36) 

also 13 = 

ib 

or Ic = ^ Ib (37) 

therefore substituting equation (37) in 

equation (36) 

Ein m Ic (Re Rt) (d8) 

now the collector current Qi becomes the 
plate current of Vi. Then, 

Ein Ip (Re Rt) since Ip ~ Ic (39) 

also Ep — IpRl (23) 

and since 



A(v) (stage) = 

then from equations (23) and (39) 

A- = - X(R. + R T 

Rl 



Re + Rt 



(4o; 



If the vacuum tube is not a triode but 
some other multigrid tube such as a pen- 
tode, the gain equation will have to be 
multiplied by the plate efficiency factor 
(^). 



The same remarks concerning tlie out- 
put impedance of the vacuum-tube cas- 
code amplifier can be applied to the hybrid 
counterpart. 



Sunwwry 

We have sliown that the gain of a linear 
amplifier, transistor or vacuum tube, is a 
ratio of impedances. We can, of course, 
derive the gain equations for both devices 
in terms of mutual conductance. In fact, 
if we compare tlie transfer curves of both 
devices. Figure 14, we see a striking simi- 
larity. Vee and E- can be thought of in 
the same terms and in like manner Ip and 
Ic perform identical functions. Our analy- 
sis of botli devices has shown that this 
fact is not coincidence. 

It is not unreasonable to say that when we 
compare the catliode-follower (grounded- 
plate) against the common-collector con- 
figuration, Figure 15, we can think of both 
devices as being identical in operation — 
differing only in concept. The same argu- 
ment can be put forward about tlie com- 





TRANSFER CHARACTERISTIC CHARACTERISTIC 

OFTYPE 6DJ8/ECC88 OF TYPE 2N408(PNP) 

Figure 14. The transfer characteristic curves of a vacuum tube {6DJ8) and a PNP transistor (2N408), illus- 
trating the basic similarity between vacuum tubes and transistors. 



+ Ebb 



+Vcc 




Rout = rk in parallel 
with Rk 



Rout =(Rt+T) in parallel 
P with Re; 



Figure 15. The analogy between the cathode follower (grounded plate) and the emitter follower (the 
common coHector) in terms of "gain” and output impedances of both devices. 



mon-base amplifier and the grounded- grid 
amplifier. So too, the common -emitter am- 
plifier and the grounded -cathode amplifier 
if we chose to ignore the input impedances 
of botli devices. 

Figure 16 (see page 5) summarizes tlie 
results of our analysis of the grounded 
cathode, grounded grid, and grounded plate 
amplifiers. Opposite this I^igure we have 
reprinted Figure No. 8 from the previous 
article (Part I, The Transistor Amplifier) 
which summarized the results of the analy- 
sis on the three types of transistor ampli- 
fiers. These two charts will assist you to 
follow more closely our analysis of the 
545 B vertical amplifier (appearing in the 
next issue of SERVICE SCOPE) and to 
make a comparison between traiisistor and 
vacuum tube amplifiers. 

It is not surprising we sometime find 
ourselves explaining one device m terjus of 



another. Nature has a charming way of 
making most things interdependent upon 
one anotlier. Recognize this fact and most 
tasks become a little easier. 

The ihircl m\d concluding article in this 
series zvill appear in the June, 1967 issue 
of SERVICE SCOPE. That article zvill 
present an analysis of a typical Tektronix 
hybrid circuit — a 7'ype 545 B Oscilloscope's 
Zfcrti cal a ni plifie r. 

The analysis zvill be based on conclusions 
reached in Part 1 (Pebruary, 1967 issue) 
and Part 2 (this issue) of the series of 
articles. 

ERRATA 

We call your attention to a ly])ogra|)hical 
error in the caption under Figure 7 in the 
February issue of SERVICE SCOPE. The 
Figure referred to in the last line of this 
caption should be Figure 8 — not Figure 7, 
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digital readout oscilloscope 

The Type 568 Readout Oscilloscope accepts sampling and real-time amplifiers and 
time-base units. Used with the Type 230 Digital Unit, digital readout of measurements 
(in addition to the analog CRT display) is provided, allowing faster and more accurate 
answers than using the CRT alone. A wide variety of repetitive pulse measurements 
can be made digitally, without operator error: pulse voltage, risetime, delay time, stor- 
age time, and pulse width, among others. Measurement limits may be selected to pro- 
vide Go/No-Go indicators. 





DC-fo-l50 MHz PORTABLE OSCILLOSCOPE 

The Type 454 provides accurate dual -trace displays of fast- rise pulses and high- 
frec[uency signals previoush' beyond the capability of most real-time oscilloscopes. Rise- 
time with included lOX probes is 2.4 ns. Other features include X-Y displays to 5 mV/ 
div, chopped or alternate switching between inputs, calibrated sweep delay, and rugged 
design for environmental extremes. 



DC-fo-lOOMHz OSCILLOSCOPE 

The Type 647 A with choice of amplifier and time-base units provides accurate dis- 
pla 3 'S over a wide range of temperature and other environmental extremes. Bandwidth 
and triggering extend to 100 Mliz with the new Tr^pe 10A2A Dual-Trace Plug-In 
and Type 11B2A Sweep-Dela\' Time Base Plug-In. Differential comparator and single 
time-base plug-ins are also available. The Type 647A has 14-kV accelerating potential 
for bright 6 x 10-cni displays. 



iliifil 





HIGH-SPEED CAMERA 

The C-40 is a high-performance camera for Tektronix portable oscilloscopes. The 
f/1.3 — 1 :0.5 lens and Polaroid* Roll-Film back for 10,000-speed film provide the writ- 
ing speed necesary to record single-shot events on the Type 454 Oscilloscope. 




*Registered Trade-Mark Polaroid Corporation 



DC-fo-50MHz FOUR-TRACE AMPLIFIER 

The Type 1A4 Plug-In Unit for Type 530, 540, 550, and (with adapter) 580-Series 
Oscilloscopes provides the equivalent of two wide-hand, dual -trace units connected to 
a third wide-band, dual -trace unit. Unique display logic provides unprecedented dis- 
plaj'- flexibility including four-channel adding (±1 ±2) -f- (±3 ±4). Deflection 

factor is 10 mV/cm to 20 V/cm. 



DC-fo-50 MHz DIFFERENTIAL AMPLIFIER 

The Type 1A5 Plug-In Unit for Type 530, 540, 550, and (with adapter) 580-Series 
Oscilloscopes achieves a new high in common-mode rejection. Gain-bandwidth products 
exceed those previously available in a differential amplifier. Bandwidths from DC to 
50 MHz can be achieved at 5 mV/cm, DC to 45 MHz at 2 mV/cm, and DC to 40 MHz 
at 1 mV/cm. A ±S-V comparison voltage is built in. 



50Hz-fo-l MHz SPECTRUM ANALYZER ^ 

The Type 3L5 Plug-In Unit for Type 561 A and 564 Oscilloscopes operates over a 
center- freciuency range of 50 Hz to 1 MHz, and provides accurate spectral and time- 
based displays from 10 PIz to 1 MHz. Deflection factors extend to lO/tV/div RMS 
for spectral displays, and to 1 mV/div P to P for time-base displays. Dispersion is 
calibrated from 10 Hz/div to lOOkHz/div. Resolution bandwidth is <10 Hz to >500 Hz. 



SCOPE-A40BILE ® CARTS 

Model 200-1 holds Type 454 or other portable instruments. Friction locks provide 
tilting from 0 to 60 degrees. Cart occupies less than 18 inches of aisle space, goes up 
and down stairs easily. Model 200-2 is similar, holds Type 422. Model 205-2 and 205-3 
hold Type 568 or other instruments of similar size. Plug-in compartments are provided 
for three Letter Series or 1 -Series plug-ins, or four 2- or 3-Series plug-ins. 
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As a typical example of a Tektronix, Inc. 
hybrid circuit on which to demonstrate our 
DC analysis, we have chosen the vertical 
amplifier of a Type 545B Oscilloscope. 
This circuit is representative of the hybrid 
circuit one encounters so often in electronic 
instrumentation today. 



The Type 545B vertical amplifier is a 
hybrid push-pull amplifier operating in a 
class A mode. It incorporates a few extra 
circuits such as trigger pick-off amplifiers 
necessary to accomplish its function, but, 
basically it is a hybrid push-pull amplifier. 



To begin our analysis of the amplifier, 
the first thing we must do is select a portion 
of the amplifier circuit which will give us 
the information necessary for us to make 
our first calculation. We are going to 
analyze the whole circuit so we can choose 
our point of entr 3 ^ The input circuit is as 
good a point as any. Bear in mind that, 
for our purpose, this is not the only point of 
entry. Any point on the circuit which will 
give us useful information would do. 



A quiescent DC voltage of +67 volts is 
the nominal voltage at the output of the 
plug-in amplifiers used in the Type 545B 
oscilloscope. This voltage appears at termi- 
nals 1 and 3 of Jll in Figure 17, and thus, 
at the grids of V494A and V494B, a 6DJ8 
dual triode. The input cathode follower 
(V494 A & B) has a bias of about 4 volts; 
therefore, both cathodes will be at +71 volts. 
The base voltage of Q514 and Q524 is then 
fixed at 71 volts. This sets the emitter 
voltages of Q514 and Q524 at one junction 
drop more negative (they are both NPN 
transistors) than the base. Therefore, the 
voltage at the emitter of Q514 and Q524 is 
70.5 volts. T500 is a small toroidal trans- 
former used for high-frequency common- 
mode rejection. The DC BALANCE Con- 
trol, R495, sets the quiescent condition. We 
mean by this that the trace is centered. 



We have made certain assumptions about 
the bias of a vacuum tube and the base-to- 
emitter voltage drop of a transistor. This 
is quite justifiable since we know what 
function the device performs. One helpful 
hint about transistors is that you can expect 
a base- to- emit ter voltr.ge drop of about 0.5 
to 0.6 volts for a silicon transistor and 
about 0.2 volts for a germanium transistor. 





Figure 18. The circuit which will determine the DC emitter currents for either Q514 or Q524. (A) — The 

actual circuit as shown in Figure 17, (B) — ^The equivalent DC circuit considering R517 as two resistors through 
which the individual emitter currents will flow. 



We are now able to calculate the emitter 
current of either QS14 or Q524. The DC- 
emitter current will flow through R515 or 
R516 and into R517 to ground. Since the 
emitter currents of Q514 and Q524 both 
pass through R517, we may think of R517 
being made up of two resistors, each of 
2.6 kU in value, in which the individual emit- 
ter currents will flow, refer to Figure 18: 
Therefore, 



Ik (1) or (2) = 



70.5 X 10^ 
2.627 X 10^ 



mA 



= 27 inA 



We can now calculate the value of re, the 
dynamic-emitter resistance, 

_ 26 26 

~ lT ^ 

= 0.96 



to this we can add our constant, Rr, of say, 
412. We recall that: 



Rt = re + Rr (9) 



therefore : 



Rt = 0.96 + 4 = 4.96 12 



or approximately 5 12. We have now estab- 
lished the value of the emitter current and 
the value of Rt for Q514 and Q524. 



Our next step is to find the value of Re. 
We must know this value in order to calcu- 
late gain. You will recall that Re will be 
that impedance through which the signal 
current will flow to the AC ground. Let 
us lake another look at the resistive network 
between the emitters of Q514 and Q524, 
The signal currents flowing in this circuit 
will be equal and opposite at two points, 
refer to Figure 19. These points are virtual 
AC-ground points; therefore, the impedance 
seen by the signal current from the emitters 
of Q514 or Q524 will be the parallel com- 
bination of 15312 and 27 12- or approximately 
23 12 to the AC ground points. Hence, Re 
for Q514 or Q524 will be 2312. 




Figure 19. The location of the virtual AC ground 
points between the emitters of Q514 and Q524. 
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pigure 17. TVPEl &215B OSCILLOSCOPE. 






We have now calculated from this part of 
the circuit all of the information we need 
to progress further into the circuit. Let us 
turn our attention to the circuit around 
Q513 and Q523. The first thing we notice 
is that the base of Q513 and Q523 are tied 
together at an AC-ground point. You will 
recall that the impedance we see looking 
into the emitter of the common-base con- 
figuration is Rt. In order to calculate 
Rt we must, of course, calculate ro and add 
our constant for Rr of 412; re will be a 
function of the actual value of current flow- 
ing into the emitter. 27 milliamps has been 
set in the emitter circuit of Q514 and Q524; 
but not all of this current will flow into the 




emitter of Q513 and Q523. 11.5 milliamps 
will flow through R510 and R527, refer 
to Figure 20. The actual value of current 
into Q513 or Q523 will be 15.5 milliamps. 
Therefore, the impedance (Rt) we see look- 
ing into the emitter of Q513 and Q523 will be 



There is one point we should make clear 
here. We have assumed a value of 4 12 
for Rr which you will recall is equal to 



^ ■ 



Rr can vary from between 2 S2 to 



2412 depending upon the type of transistor 
(refer to Part 1, “The Transistor Ampli- 
fier” SERVICE SCOPE #42, February 



1967). This is one of those few times we 
should be really a bit more specific about 
assuming a value of Rr. The sum of the 
impedances 5.68 12 and 90.9 12 should be equal 
to 93 12 since our delay line is a 186 12 balanc- 
ed line. Therefore, we have a difference of 
3.58 12 between the theoretical value and the 
calculated value, or an error of approxi- 
mately 3.7%. This error has been due in 
part to our presupposed value of Rr to be 
412. Such an error could not be tolerated 
in design work but it is acceptable here for 
our purpose of DC analysis. Bear this limita- 
tion in mind when you apply this analysis. 



There is another point we must clear up. 
What is the load impedance of the hybrid 
cascode amplifier Q514, V514A or Q524, 
V514B? Clearly it will be that impedance or 
impedances connected from the plate of 
V514A or V514B to the AC ground. We are 
using a balanced delay line of 186 12, (93 12 to 
a side), referenced to the AC ground. There- 
fore, the delay line impedance (9312) must 
shunt R511 in series with Rt (or R526 in 
series with Rt) making an effective load 
impedance of approximately 47 12 in the plate 
circuit of V514A or V514B. We now have 
all the necessary information to calculate 
the gain to this point. 



A(v) 



Rl(1) + Rl(2) 

Re(i) 4" Re( 2) 4“ Rt(i) 4“ Rt(2) 



The trigger pick-off amplifier Q523 is 
one part of a transistor cascode amplifier. 
The input stage is Q514 and Q524. Normally, 
the gain of a transistor cascode amplifier is 
the ratio of Rl to Re 4~ R«- The gain in this 
case must be multiplied by 0.5 for the fol- 
lowing reason. The signal current is equally 
divided at the plate of V514B, half of the 
signal current will flow through the delay 
line impedance (9312) and the other halt 
through R526 and finally tli rough the load 
impedance of Q523. The load impedance will 
be that impedance which is connected to the 
AC ground. The collector of Q523 is con- 
nected to the base of Q543. The impedance 
we see looking into the base of Q543 is 



R>„ = P (Rb 4- Rt) (10) 



If we choose to neglect the input circuit 
of the trigger amplifier we see that Re in 
this case is R547 6.5 kl2. A beta of 50 is a 
close figure to use for Q543, and since Re 
>> Rt then, 



Ria j3 Re 

= 50 X 650012 



= 325 kl2 



This impedance shunts R544 (75kl2) and 
L528 a 1.5 kl2 wire-wound resistor. We may 
then, for all practical purposes, consider 
L528 the collector load resistance (Rl) ; 
therefore, 



A(v) = 0.5 



Rl 

Re(i) 4" Re( 2) 4~ Rt(i) 4“ Rt(2) 



Rt = ro 4- Rr (9) 



47 4- 47 

23 4- 23 4“ 5 4- 5 



= 0.5 



1500 

^ + 23 + 5 4- 5 



26 . , 

= il5 



94 

56 



= 13.3 



— 5.6812 



This impedance of 5.6812 plus R511 or 
R526 (90.912) constitutes part of the load 
impedance of the hybrid cascode amplifier 
Q514, V514A or Q524, V514B and the neces- 
sar 3 ^ matching impedance for the del^y line. 



A(v) = 1.68 



Q523 is the trigger pick-off amplifier and 
Q543 is an emitter follower providing isola- 
tion between the vertical amplifier and the 
trigger circuits. 



Q534 is the beam-indicator amplifier. Its 
function is to drive two neon lamps situated 
above the CRT on the front panel of the 
oscilloscope. These neons indicate the posi- 
tion of the trace in a vertical direction. In 
the quiescent condition the voltage at the 
junction of R535 and R536 is 287 volts. Both 
indicator neons, B538 and B539, have 62 
volts across them, not enough voltage to 
strike either neon. (This type of neon has a 
striking voltage in excess of 68 volts.) 
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When we apply a negative signal to the 
vertical input of the oscilloscope, the base of 
Q524 is driven negative and the base of 
Q514 moves in a positive direction by a 
J similar amount. Therefore, the current 
through R530 decreases and the current 
through R507 increases. The voltage at the 
emitter of Q534 increases and the voltage at 
the base of Q534 decreases. As a result, the 
base- to- emitter junction of Q534 becomes 
reverse biased and Q534 ceases to conduct. 



Therefore, the voltage at the junction of 
R535 and R536 rises towards 350 volts 
striking neon B539 which indicates trace 
has shifted down. 

R513 and R523 and the DC SHIFT con- 
trol R502 are thermal -compensation net- 
works. The thermal time constants are long 
and the visible result appears on the CRT 
display as a DC shift in trace position 
after a step function. The DC SHIFT con- 
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902 



-HOOVCVa) 



= R2 



R572 



B 





-th = 



RiX R2 
Ri + R2 

365.8XI0’x9 02X 10^ 



(365.8XI03)+(9.02XI02) 
Zth = 900 a 



Voc = V2 + 



(Vi-V2)R2 



= 100 + 



Ri + Ra 

(350-l00)x9.02xl0^ 



{365.8X I0^)+ (9.02X102) 
Voc « 100 VOLTS 



Figure 21. Illustrating the use of Thevenin's Theorem to simplify a network consisting of a voltage source 
and a resistive network. (A) — The network whose Thevenin equivalent is to be determined. (B) — Determin 
ing the equivalent source impedance (Zth) and the equivalent voltage source (Voc). (C) — ^The Thevenin 
equivalent network of (A) connected to the junction of R574 and R576. (D) — The equivalent circuit con 
sidering Zth as two resistors through which the individual emitter currents will flow. 



trol is adjusted for the best dynamic thermal 
compensation, typically about 1% tilt. 

We will now analyze the output circuits 
to the right of the delay line, refer to Figure 
17. The first thing we must do is to cal- 
culate the voltage at the base of Q594 or 
Q584. The voltage at the junction of R532 
and R533 (174 volts) will set the base volt- 
age of Q513 and Q523. Assuming a junction 
drop of 0.5 volt the voltage at the emitter of 
Q513 and Q523 will be 173.5 volts. The cur- 
rent through R511 and R526 is 27 milliamps, 
hence the voltage drop across these resistors 
will be 



90.9 X 27 

1000 

2.5 volts 

therefore, the voltage at the plate of V514A 
and V514B is 

173.5 - 2.5 ^ 171 volts. 



This 171 volts is directly coupled to the base 
of Q594 and Q584 via the delaj^ line. The 
voltage at the emitter of both Q594 and Q584 
is then 170.5 volts. We will now calculate 
the current flowing into the emitter of Q594 
or Q584. Figure 21 show^s a step-by-step 
approach in solving this problem. The sim- 
plest approach is to use Thevenin’s Theorem 
to simplify the resistive network R569, R570, 
R571 and R572. The result is we have a 
Voc of +100 volts and a Zth of 900 to 
the junction of R574 and R576. Therefore, 
looking from the emitter of either Q594 or 
Q584 we see an impedance of 13.3 S2 in series 
wdth 1800 to +100 volts. 



Ik 



(170.5 — 100)10^ 
1.8 X W 



mA 



_70.5 
= 39 mA 

we now' calculate re 

26 26 

^ ^ 39 

^ 0.7 0 

and to this w-e add our constant Rr of 40; 
therefore, 

Rt = re + Rr (9) 



= 0.7 + 4.0 



= 4.7 0's 
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We have only one point in this circuit (a 
virtual AC ground point) at which the sig- 
nal currents will be equal and opposite. That 
point is the junction of R574 and R576 
(13.312 resistors). This fact sets Re at 
13.3 12. The purpose of the RC network to 
the right of R574, R576 is to compensate the 
high frequencies. 

The input impedance we see looking into 
the base of Q594 or Q584 is 

Rin = (Re -f- Rt) (10) 



A beta of 75 for this type of transistor is 
a close figure to use for practical purposes. 

Therefore, 

R,„ 75 (13.3 + 4.7) 12's 

135012 

The value of Ri„ is part of a resistive net- 
work which will terminate the delay line in 
its correct impedance. Therefore, before we 
leave this section we must check to see if our 



value of Rin is within practical limits. Figure 
22 shows a progressive breakdown of this 
network. 

This network will induce a loss between 
the two stages. The signal is reduced in 
amplitude by a factor of 0.64 because of the 
voltage divider network consisting of 57.6 12 
and the parallel combination of 100 12, 
2800 12, and the input impedance into Q594 or 
Q584. 




The gain of the output stage is 



A{v) 



Rl(i) + Re (2) 

Re(1) + Re( 2) + Ft(l) + Rt(2) 



1100 + 1100 
1X3 + 13.3 



2200 

"” 36 ~ 



V 



= 61 7? 



You recall that the gain equation of a 
hydrid cascode amplifier (refer part 2, “The 
Vacuum Tube Amplifier,” Service Scope 
#43, April 1967) must be multiplied by the 
plate efficiency factor (?/) if the vacuum 
tube is not a triode. Tlie plate efficiency 
factor (77) normally varies from between 0.7 
to 0.9. In this case (7;) is approximately 
0.9 - 0.88 to be exact. So finally, 



A(v) = 61 X - 



10 



= 54.9 



The gain of the complete Type 545B 
vertical amplifier is 



A(v) (total) = 54.9 X 1.68 X 0.64 
= 59 



Siwiinary 

This brings to a close this series of three 
articles dealing with a practical approacli 
to transistor and vacuum-tube amplifiers. 
This approach has been offered as a direct 
method of trouble shooting and understand- 
ing circuits. There are limitations as to its 
application as we have seen. However, these 
limitations do not impair the practical 
approach we must apply to our everyday 
maintenance and trcxible shooting problems. 
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The Tektronix Type 4-54 is an advanced new portable 
oscilloscope with DC-to-150 MHz bandwidth and 2.4-ns 
risetime performance where you use it— at the probe tip. It 
is designed to let you make convenient measurements of 
fast-rise pulses and high-frequency signals previously out- 
side the range of conventional oscilloscopes. 

The Type 454 is a complete instrument package with dual- 
trace vertical, high-performance triggering, 5-ns/div delayed 
sweep and solid-state design, all in a rugged 31-lb. instru- 
ment. You also can make 1 mV/div single-trace measure- 
ments and 5 mV/div X-Y measurements with the Type 454. 

The2.4-ns risetime and DC-to-150MHz bandwidth are speci- 
fied at the tip of the new miniature P6047 10X Attenuator 
Probe. The dual-trace amplifiers provide the following 
capabilities with or without probes; 



Deflection Factor* 


Risetime 


Bandwidth 


20 mV to 10 V/div 


2.4 ns 


DC to 150 MHz 


10 mV/div 


3.5 ns 


DC to 100 MHz 


5 mV/div 


5.9 ns 


DC to 60 MHz 



*Front panel reading. Deflection factor with P6047 is 10X panel reading. 

The Type 454 features a new CRT with distributed vertical 
deflection plates and a 14-kV accelerating potential. It has 



a 6 by 10 div (0.8 cm/div) viewing area, a bright P-31 phos- 
phor and an illuminated, no-parallax, internal graticule. 
The Type C-30 and the New Type C-40 (high writing speed) 
cameras mount directly on the oscilloscope. 

The instrument can trigger to above 150 MHz internally, and 
provides 5-ns/div sweep speeds in either normal or delayed 
sweep operation. The calibrated sweep range is from 50 
ns/divto 5 s/div, extending to 5 ns/div with the X10 magnifier. 
Calibrated delay range is from 1 jjls to 50 seconds. 

The Type 454 is designed to be carried and has the rugged 
environmental characteristics required of a portable instru- 
ment. A rackmount, the 7-inch-high Type R454 oscilloscope. 
Is available with the same high performance features. Also 
available is the new Type 200-1 Scope-Mobile® Cart. 

rl new Technical Center: 



230,000 square feet devoted to 
R&D . . . part of the Tektronix 
commitment to progress 
in the measurement sciences 





Tektronix, Inc. 



For complete informatioji, contact your Field 
Engineer, Field Representative, or Distributor, 
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Maintaining the fidelity of electronic signals that of necessity have to be trans- 
mitted from point to point is of primary concern to those that design, build and main- 
tain electronic equipment. The simple, inexpensive coaxial transmission line is per- 
haps the most common method used to accomplish this task. The techniques 
for determining transmission line performance vary from simple visual inspection to 
elaborate instrumentation set-ups that require a great deal of skill and time. The 
availability of instruments such as the Tektronix Type 1S2 TDR Plug-In Unit have sim- 
plified the testing of transmission line performance. 

This article begins with a comparison between two methods of testing transmis- 
sion lines - Sinewave testing and Voltage step-function testing. The Sinewave test- 
ing method is known as Frequency-Domain Reflectometry (FDR) and the Voltage 
step-function method is known as Time-Domain Reflectometry (TDR). The FDR-TDR 
comparison is followed by a basic description of TDR testing principles; reflections 
from capacitors and inductors; reflections from resistive discontinuities; coaxial-ca- 
ble response to a step signal; and finally, special applications. 

The waveforms illustrated throughout this article were taken with a C-12 Camera 
using a Type 547 Oscilloscope and the Type 1S2 TDR Plug-In. The Type 1S2 Plug- 
In converts any Tektronix 530, 540, 550-Series Oscilloscope to a TDR measurement 
system. 



FDR-TDR COMPARISON 

Frequency domain reflectrometers, the slot- 
ted line and bridges, drive and observe the 
input terminals of a transmission line as a 
function of frequency. They do not locate 
discontinuities on a distance basis. As a re- 
sult, measurement techniques and the unique 
advantages of such devices differ from those 
of TDR. 

A pure resistance measured by either time 
domain or frequency domain devices will ap- 
pear as an infinitely long lossless transmission 
line. Thus, a perfectly terminated short length 
of lossless line will yield the same informa- 
tion to both kinds of testing, and neither test 
system can locate the termination. However, 
if the termination includes a small inductive 
or capacitive reactance, both systems will in- 
dicate its presence, but the TDR system will 
show where in the line the reactance is located. 



The following comparisons of TDR and 
frequency domain (FDR) devices are sup- 
ported by four specific examples and illustra- 
tions. 

1. FDR measures Standing Wave Ratio 
(SWR) directly, but a TDR di. splay can 
speed FDR testing by locating resonant fre- 
quencies of resonant networks prior to FDR 
testing. 

2. TDR locates discrete discontinuities and 
permits analysis of their value. But FDR will 
indicate two different resonant discontinuities 
which may be located very close together 
when TDR may not. 

3. FDR measures an antenna standing wave 
ratio directly while TDR will not. But TDR 
will locate faults more quickly and identify 
the type of fault more rapidly than will FDR, 

© 1967, Tektronix, Inc. 



should a change in SWR indicate problems. 
The time domain display will validate a trans- 
mission line to an antenna, while frequency 
domain reflectometry cannot, unless the an- 
tenna is disconnected and the transmission 
line terminated. 

4. TDR can locate small changes in trans- 
mission line surge impedance (such as a 
too -tight clamp holding a flexible line) while 
FDR will show whether or not the SWR 
is acceptable. 

5. Both test systems will quantitatively 
evaluate single discrete reactances, with 
higher degree of accuracy possible with FD. 

6. Both TDR and FDR have advantages, 
each being very valuable in its own way. 
Thus, the two systems complement each other 
and both aid where observations and measure- 
ments are required. 





Frequency GHr 



Connectors 



874-W50B 

Termination 



Modified CR 
Insertion Unit 



A/50.6 fi 



modified to have a continuous center con- 
ductor using three inner transition pieces 
(Tektronix Part No. 358-0175-00). One of 
the inner transition pieces was shortened to 
fit l^etween the two mounted end pieces, and 
then soldered in place. The second capacitor 
(resonant at 2.1GHz) was a 0.5 to 1.5 pF 
piston trimmer with a total lead length of 
about 5/16 inch, and it was adjusted to about 
1.2 pF. The piston capacitor was soldered 
in place in parallel with the strip copper 
capacitor about _ ^ inch away. It is obvious 
froni both testing methods that neither ca- 
pacitor was critically damped by the char- 
acteristic impedance of the transmission line. 
The ph 3 ^sical and equivalent circuit of the 
single shunt capacitor is shown in Fig 2. The 
single capacitor test was made with a shield 
in place completely covering both openings. 

Fig 3 shows the ability of TDR to locate 
an off -impedance point in a transmission line, 
and quickly resolve its value. The same 
through-connected insertion unit used in ex- 
ample number 1 was tested without any com- 
ponent inserted in it. The shield was in place 
for both TDR and FDR testing. 

The TDR display of Fig 3 shows the in- 
creased surge impedance due to the increased 
diameter of the outer conductor at the two 
cutout access slots. Such a TDR display will 
permit rather rapid correction to be made to 
the center conductor diameter if one desires 



to make a truly constant impedance through 
the length of the insertion unit. 

The SWR curve shows some changes from 
a constant impedance transmission line, but 
does not help to locate an aberration if it is 
inside a continuous piece of cable. Either 
FDR or TDR would help one to make the 
unit have a constant impedance if such a unit 
were being designed. 



tor vs FDR Measurements 



A one pF discrete capacitor inserted in 
parallel with a transmission line will produce 
almost no TDR indication if the step pulse 
has a risetime of 1 nanosecond. The same 
capacitor will produce a significant reflection 
If the step pulse has a risetime of 150 pico- 
seconds. A FDR test will produce a large 
SWR at the series resonant frequency deter- 
mined by the capitance and its lead induct- 
ance. Such a discontinuity would require 
considerable time for proper FDR testing due 
to the numerous frequency test points, but 
with a fast rise TDR system the capacitance 
and resonant frequency can be quickly deter- 
mined. 



Fig 1 shows waveforms and SWR curves 
of first a single capacitor and then two ca- 
pacitors inserted in parallel with a trans- 
mission line. Note that the FDR measurement 
on the right side of the figure plainly shows 
the two resonant circuits of the two closely 
spaced small capacitors, while the TDR dis- 
play at the left shows two resonant fre- 
quencies, but not in a manner to permit 
separation of the two capacitors. 



The single capacitor of this example was 
made of % ii^ch wide strip copper, inch 
long, with one end soldered to the side of a 
component insertion unit (Tektronix Part 
No. 017-0030-00) and the other end near the 
center conductor. The insertion unit was 



Fig 2. Capacitors measured in Fig 1 



Fig 3. Modified (through-connected) Tek 
tronix Insertion unit for testing small com 
ponents in parallel with 50 line. 









Fig 4 shows two TDR and two SWR plots 
of a simple dipole antenna. The TDR wave- 
forms at the left were photographed first, 
quickly locating the two radiating resonant 
frequencies and permitting a saving in time 
for the FDR testing. The SWR curves per- 
mit a direct evaluation of the antenna radia- 
tion resistance is pure- 

Vmiti 

ly resistive) , while the TDR displaj^ tells only 
the transmission line quality and the radiating 



resonant frequencies of the non-shorting type 
antenna. An antenna design engineer could 
use the SWR data and FDR test equipment 
to test a compensating network to be located 
at the antenna to minimize standing waves 
in the transmission line. The TDR system' 
cannot be used for such design assistance. 

Fig 5 shows both TDR and FDR tests of a 
General Radio Type 874-K series blocking 
capacitor. The upper TDR display permits 
direct calculation of the series capacitance, 
in this case approximately 6.2 nanofarads 
(0.0062/iF). 



The SWR curve shows that the series ca- 
pacitor does not upset the transmission line 
significantly except for low frequencies. The 
middle TDR waveform shows the change in 
surge impedance due to the physical shape of 
the series capacitor. Note that the disc ca- 
pacitor reduces the transmission line surge^ 
impedance to approximately 49 ohms for onl. 
a very short period of time. The same dis- 
play also permits the precise location of ad- 
jacent discontinuities that affect the high fre- 
quency performance. The combined TDR and 
FDR data tells more about the series ca- 
pacitor unit than either testing method does 
alone. 




TDR shows open circuit 
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Fig 5, Series blocking capacitor: General 

Radio Type 874-K. 



BASIC APPROACH TO TDR 



Time Domain Reflectiometry can be under- 
stood most easily if its operation is first com- 
pared with a DC circuit. 



DC Analogy 



Fig 6 shows three simple circuits that can 
be related to transmission lines and TDR. Fig 
6A is the diagram of an ordinary resistance 
voltage divider, where the voltage across 



500 ps/div 0.1 p/d 



Antenna resonant frequencies 
seen by TDR: 



IFondamental) F = 2 3 X \0~^ ~ 



(Fourth Harmonic) F = gyg y \Q-is ~ 1740 MHz 



Fig 4. Two plots of 435 MHz dipole antenna. 














R 2 is Er 2 — p B ~ X E of the battery. (1) 
Ki -i- K« 

Fig 6B substitutes Rune (or Zo) for R 2 , 
and substitutes Rg (generator resistance) for 
Ri. It is assumed the battery has zero internal 
Resistance and that Rg is an inserted series 
generator resistance. If the battery is 1 volt 
and if Rg = Rune, then a voltmeter across 
Rune will indicate 0.5 volt when the switch 
is closed. 



Fig 6C indicates a pair of zero resistance 
wires of same length physically connecting 
Rune to the battery and switch. A voltmeter 
across Rime will still indicate 0.5 volt when 
the switch is closed. 



Adding the Time Dimension 



Fig 7 substitutes a step generator for the 
battery and switch of Fig 6. The generator 
has zero source resistance so Rg is again 
added in series with the generator. The gen- 
erator and Rg drive a finite length trans- 
mission line that has a characteristic imped- 
ance of Zo. The transmission line has output 
terminals that permit connecting a load Rl. 
An oscilloscope voltmeter measures the volt- 
age signal (s) at the input end of the trans- 
mission line. 



Assume that no load resistance is connected 
to the transmission line output terminals (Rl 
=i 00 ) and that Rg — Zo (Zo acts exactly 
as if it were the DC resistor Rimo of Fig 
6). As the zero impedance step generator 
applies its 1-volt step signal to Rg, the oscillo- 
scope voltmeter indicates 0.5 volt. The oscillo- 
scope voltmeter will continue to indicate a 
J.5 volt signal until the wave has traveled 
down the line to the open end, doubled in 
amplitude due to no current into Rl = 00 , 



and reflected back to the generator end of 
the line. The oscilloscope finally indicates a 
signal of 1 volt after the measurable period 
of time required for the step signal to travel 
down and back the finite length of open end- 
ed transmission line. 



Reflection Signal Amplitudes 

Fig 8 shows TDR oscilloscope (voltmeter) 
displays related to the value of Rl vs the 
value of the transmission line Zo. Apply 
resistance values of 50 to Rg and Zo, and 
7512 to Rl of Fig 7. By formula (1), the 
oscilloscope display of the reflection ampli- 
tude will be 0.6 volt. The actual reflection, 
however, is only 0.1 volt added to the 0.5- 
volt incident step. 



Reflection Coefficient 



A somewhat more convenient method of 
handling signal reflections than has just been 
suggested, is to consider the reflection as 
having been added to or subtracted from the 
incident pulse. Thus the reflection amplitude 
is not measured from zero volts, but is refer- 
enced to the incident signal amplitude. This 
permits establishing a ratio between the in- 
cident and reflected signals which is called 
the reflection coefficient, rho (p). The value 
of p is simply the reflected pulse amplitude 
(the display total amplitude minus the in- 
cident pulse amplitude) divided by the inci- 
dent pulse amplitude. Fig. 9 shows the two 
parts of the display appropriately labeled to 
identify the incident and reflected signals. 

When p = 0, the transmission line is termi- 
nated in a resistance equal to its characteristic 
impedance Zo. If the line is terminated in Rl 





>Zo, then p is positive. If the line is termi- 
nated in Rl <Zo, then p is negative. The 
dependence of p on the transmission line 
load is 



Rl — Zo 

P ^ Rl + Z7 



( 2 ) 



If p is known, Rl can be found by rear- 
ranging formula (2) ; 



Rl Zo 



1 + p 



(3) 



Formula (3) applies to any display that re- 
sults from a purely resistive load. The load 
shown in Fig 9 is assumed to be at the end of 
a lossless coaxial transmission line. 
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Fig 8. Oscilloscope voltmeter displays for 
circuit of Fig 7 , dependent upon value of 
Rl vs.Zo. 
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Substituting 5012 for Zo in formula (3), 
calculations for small values of p show that 
each division of reflected signal is approxi- 
mately equal to a certain number of ohms. 
Table 1 lists the ohms per divi^sion for verti- 
cal deflection factors of 0.005 p, 0.01 p and 
0.02 p. Or, for Rl values near 5012, you ma; 
use the approximation formula 

Rl ^ 50 "f~ 100 p. 

This approximation formula has an error of 

< 2.2% for absolute values of p < 0.1 and 
an error of < 8% for absolute values of p 

< 0.2. 

Rl for reflections with p up to essentially 
-f-1 or — 1 can be quickly determined using 
the graph of Fig 10. Fig 10 is based upon a 
transmission line surge impedance of 5012 just 
prior to the discontinuity that causes the re- 
flection signal. The graph of Fig 10 may be 
photographically reproduced without special 
permission of Tektronix. 



TABLE 1 



Rl Approximations For Reflection 
Coefficients of 0.005, 0.01 and 0.02 
Related to a 5012 Transmission Line 



p/div 


n/div 


Error/div 


0.005 


V2 


—0.016 S2 


0.01 


1 


—0.066 n 


0.02 


2 


-^0.212 



REFLECTIONS FROM CAPACITORS AND 
INDUCTORS 

Contrary to frequency domain measure- 
ments, TDR response to a reactance is only 
momentary. Thus either an inductor or a 
capacitor located in a transmission line will 
give only a short duration response to the 
TDR incident pulse. Analysis of large re- 
actances is relatively simple and makes use of 
time-constant information contained in the 
reflection display. Small reactances are not 
so simple to evaluate quantitatively, so will be 
treated separately. 



Large Reacfonces 

The difference between a “large” and a 
“small” reactance is not a fixed value of 
capacitance or inductance, but is instead re- 
lated to the TDR display. If the displayed 
reflection includes a definite exponential curve 
that lasts long enough for one time constant 
to be determined, the reactance is considered 
“large”. 

Discrete (single) capacitors connected in 
series or parallel with a transmission line 
start to charge at the instant the incident pulse 
arrives. Inductors start to conduct current at 
the arrival of the incident pulse. Both forms 
of reactance cause an exponentially changing 
reflection to be sent back to the TDR unit. 
When a capacitor is fully charged, the TDR 
unit indicates an open circuit. When an 
inductor is fully “charged” (current through 
it has reached its stable state), the TDR m 
indicates a short circuit. The TDR unit w. 
indicate an inductor’s series DC resistance if 
its value is significant in relation to Zo. The 
general form of reflection and long term 
effect upon the TDR display by both induc- 
tors and capacitors is listed in Table 2 and 
Table 3. 







Finding One Time Constant 

In practice, TDR reactance displays usually 
contain aberrations of the desired pure ex- 
ponential reflection. Such aberrations prevent 
finding the normal 63% one time-constant 
point of the curve accurately. (The aberrations 
are due to either the environment around the 
reactance, i.e. stray inductance in series with 
a capacitor, or stray capacitance in parallel 
with an inductor, or secondary system reflec- 
tions.) However, accurate time-constant in- 
formation can be obtained from less than a 
complete exponential curve. The principle 
used requires that a “clean” portion of the 
display must exist. The “clean” portion used 
must include the right-hand “end” of the dis- 
played curve (a capacitor is then fully charg- 
ed, or an inductor current has stopped chang- 
ing). The “end” of the curve will appear on 
the display to be parallel to a horizontally 
scribed graticule line. Thus, aberrations that 
exist at the beginning of the curve can be 
ignored. 

Fig 11 shows the first example of obtaining 
valid time-constant information from less 
than a full 100% exponential curve. The 
technique is to choose any “clean” portion of 
the display that includes the “end” of the ex- 
ponential curve and find the half -amplitude 
point. The time duration from the beginning 
of any new 100% curve section to its 50% 
amplitude point is always equal to 69.3% of 
one time constant. Thus, the time duration 
for a 50% change divided by 0.693 is equal 
to one time constant. 

Fig 11 shows the TDR displays of a ca- 
pacitor placed in series with a transmission 
line center conductor (2 Zo environment). 
This picture and the other waveform pictures 
shown in this article were taken with a Tek- 
tronix C-27 Camera mounted on a Tektronix 
Type 547 Oscilloscope with a Tektronix Type 
1S2 Reflectonieter and Wideband Sampling 
Plug-In Unit. Fig 11 A waveforms comprise 
a double exposure with the left curve taken 



while the Type 1S2 RESOLUTION switch 
was at NORMAL and the right curve taken 
when the switch was at HIGH. Both curves 
give sufficient information to measure one 
time constant. Note that the top of the inci- 
dent pulse is indefinite (in the displays) due 
to the sweep rate and short length of cable 
used between the Type 1S2 and the capacitor. 
Such a display does not have a definite begin- 
ning of the normal 100% exponential curve. 
This prevents 63% of the total curve from 
being read directly from the display. (It is 
also quite possible for lead inductance to 
cause a capacitor to ring. When a TDR dis- 
play shows capacitor ringing, the ringing can 
sometimes be reduced by: 1. using the slower 
1-Volt pulser, and/or 2. changing the trans- 
mission line environment to place a lower 
value Zo in parallel with the capacitor.) 

The double exposure of Fig IIB shows a 
full exponential curve beginning in the vicinity 
of 1 division from the graticule bottom. Then 
the same curve has been time-expanded for 
easier reading. The indefinite beginning of 
the 500ns/DIV exponential curve prevents 



TABLE 3 

Single Capacitor or Inductor TDR 
Displays when Connected Across End 
of Transmission Line 




Reactance 


In Series 
with Line 


In Parallel 
with Line 


Line Impedance 
at Reactance 


CAPACITOR 




_T>^ 


SERIES: 2 Zo 
PARALLEL: 


INDUCTOR 






SERIES: 2 Zo 
PARALLEL:-^ 


TABLE 2 Single Capacitor or Inductor TDR Displays Related to Terminated Transmission Lines. 



Circuit 


Equivalent 

Circuit 


Formula 


Display 


Series with 1 [ C F | 

terminated vE/ ~ ~ ~ 1 










Paraitei with 2© | [ F 

terminated { J" ) — — i ~ '! 

line jy, \ 














C = <6. 


J/' 



Where C = Farads; TC =: Time Constant; Zo = Une Surge Impedance. 



table 4 “Large” Capacitor Circuits and Formulae. 



finding one time constant by measuring the 
time of 63% of the total curve amplitude. The 
new arbitrarily chosen 100% amplitude portion 
of the curve begins at the graticule center 
horizontal line and extends (off the right of 
the graticule) to the top graticule line. Three 
divisions were chosen for the new 100% ex- 
ponential curve, with the 100% and 50% 
points marked. Then, dividing the time for 
the 50% amplitude change by 0.693 gives a 
total one time- constant time value of 650 ns. 
Since the equivalent circuit shows 2 Zo in 
series with the capacitor, its value is found 
by formula (4) (Table 4) to be 6.5 nano- 
farads. 



Large Capacitors 

The difference between a “large” and a 
“small” capacitor is not a fixed value of ca- 
pacitance, but is instead related to the TDR 
display. If the display includes a definite ex- 
ponential curve that lasts long enough to per- 
mit one RC time constant to be determined, 
the capacitor value can be found by using a 
normal RC time-contsant formula). The ac- 
tual formula varies according to the equiva- 
lent circuit in which the capacitor is located. 
Table 4 lists the possible configurations and 
their related formulae. 

The first example of “large” capacitance 
measurement was given under the previous 
heading Finding One Time Constant. The 
large value of capacitor used is easy to meas- 
ure and usually causes only one aberration 
to the exponential curve. That aberration is 
the indefinite curve beginning. 



Moving A Reflection Aberration 

When testing small capacitors that still pro- 
duce a usable exponential curve, it may be 
difficult to get accurate time-constant data 
when there are reflections within the system. 
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Fig 11. Exponential curves and circuit of 
6.5 nF capacitor in series with terminated 
transmission line. 
































For example, a 100 pF discap was soldered 
into a General Ratio Radiating Line section 
(Fig 12). The 1-Volt piilser was used; re- 
reflections from the pulser distort the ex- 
ponential curve at the arrow of Fig 12 A. The 
re-reflection is moved to the right just out- 
side the time window by placing a 20 nsec 
signal delay RG213/U cable between the 
pulser and the sampler. The acceptable wave- 
form is shown in Fig 12B. Fig, 12C is 
a double exposure that shows first how the 
“end” of the exponential curve is set to a 
graticule line. Then the display is time ex- 
panded to 500ps/DIV (leaving the vertical 
position as adjusted) and the new arbitrary 
100% exponential curve is chosen and mark- 
ed, The capacitor’s value taken from the time 
expanded curve of Fig 12C and using formula 
(5) is 104 pF (1.8 X lO-yO.693 ^ 25 = 1.04 
X 10“^*^ 104 pF). Note that the vertical p 

factor was changed for Fig 12C in order to 
make the time constant measurement from a 
clean section of the curve near its end. 

Lorge fnducfors 

The difference between “large” and “small” 
inductors follows the same general display 
limits as large or small capacitors. A “small” 
inductor in series with a transmission line 
center conductor will give a display that does 
not permit normal time-constant anabasis. The 
same inductor in parallel with a terminated 
transmission line may give a display that does 
allow normal time-constant analysis. 

Ringing in the exponential TDR display is 
often observed when measuring inductors. It 
is usually caused by distributed capacitance 
across the coil that has not been adequately 
damped by transmission line surge impedance. 
Since an inductor with stray capacitance will 
ring unless adequately damped, an inductor in 
parallel with a transmission line (Zo/2 en- 
vironment) will be less likely to ring than 
the same inductor in series with a line (2 Zo 
environment) . 

Fig 13 shows waveforms taken of the re- 
flections from a seven turn ^ inch diameter 
coil. The coil was connected across the end of 
a 50J2 transmission line (Zo environment). 
Fig 13 A was made using the Type 1S2 0.25- 
Volt fast pulser at High Resolution. The ring- 
ing makes it impossible to obtain an accurate 
time constant measurement from the display. 
Fig 13B was made using the Type 1S2 1-Volt 
pulser at Normal Resolution. Here the slower 
risetime incident pulse does not excite the 
ringing, and in addition the time averaging 
of fast changes by Normal-Resolution opera- 
tion permits a time constant to be measured. 
Ringing could also have been reduced by a 
Zo/2 environment by placing a termination 
across the inductor, or placing the inductor at 
a convenient mid point of a long line. 

The triple exposure of Fig 13B includes 
three curves: #1, the total reflected signal 
at lOns/div and 0.5p/div; #2, increased 

vertical deflection and the exponential-curve 
end positioned to be one division below the 
graticule center horizontal line; and #3, the 
#2 curve time expanded to 1 ns/div for meas- 
urement of the L/R time constant. The new 
100% to 50% amplitude time duration of 
curve #3 is shown as 3^ ns. 3.75/0.693 
5.41ns for 1 time constant. Since the coil is at 
the end of a 50 H transmission line, the in- 
ductance is calculated by formula (9) of 
Table 5 to be 270.5 nH (L = 50 X (5.41 X 
10-^ = 2.705 X 10"^ = 270.5 nH). 

Small Reactances 

“Small” reactances are here defined as se- 
ries-connected inductors and shunt-connected 
capacitors that cause TDR reflections without 
apparent time-constant reaction to the incident 



pulse. Some small reactances are capable 
of being “charged” (capacitor voltage is 
stable ; inductor current is stable) at a rate 
faster than the 0.25-Volt pulser incident pulse 
rate of rise. If the TDR display has no ex- 
ponential section, normal RC and L/R cal- 
culations cannot be made. All small reactances 
generate TDR reflections with less than +1 p 
or — 1 p. 

Small discrete capacitors with leads always 
include stray series inductance of a signifi- 
cant amount. Fig. 1 and associated discussion 
is an example of such a capacitor with induc- 
tive leads. Small shunt capacitors without 
leads may be produced by either an increase 
in a coaxial cable center conductor diameter 
or a reduction of its outer conductor diameter. 
Leadless capacitors are sometimes treated as 
a sm;all reduction in Zo rather than as a ca- 
pacitor. Usually, such small capacitors are 
considered capacitance when the section of 
reduced Zo line is so short physically that no 
level portion can be seen in the TDR display. 

Small series inductors rarely have sufficient 
parallel (stray) capacitance to be significant 
in the TDR display. However, the coaxial 
environment around such a small inductor 
does affect the TDR display. Small series 
inductors without capacitive strays are some- 
times caused by changes in diameter of a 
coaxial cable : decreased center conductor dia- 
meter, or increased outer conductor diameter. 
This form of inductor is usually treated as a 
small increase in Zo rather than as an inductor. 
Usually, such inductors are considered to be 
inductance when the section of increased Zo 




line is so short physically that no level por- 
tion can be seen in the TDR display. 

Assumptions that Permit Analysis of 
Small Reactances 

The usual TDR system does not have the 
required characteristics for accurately meas- 
uring small reactances. Yet small reactances 
can be measured provided the following as- 
sumptions are made regarding the TDR 
system. 

1. That the actual TDR system may be 
adequately described by a model having a 
simple ramp as the pulse source and a loss- 
less transmission line with an ideal sampler; 

2. That the rounded “corners” of the actual 
pulse source may be ignored; 

3. That the transmission line high frequency 
losses classed as “skin effect” or “dribble up” 
are not significant. (“Dribble up” is explain- 
ed under Measuring Technique in connection 
with Fig 17). 

4. That the sampler is non-loading, non- 
distorting and of infinitesimal risetime; 

5. That parasitic (stray) reactances are 
insignificant. 

The formula for small series inductance 
and small shunt capacitance in a tranmission 
line contain factors for (1) the system rise- 
time at the spatial location of the reactance, 

(2) the observed reflection coefficient, and 

(3) the transmission line surge impedance. 

The system risetime may be measured from 
the displaj^ by placing either an open circuit 
or a short circuit at the spatial location of 
the reactance. 

The value for a small series inductor can 
be calculated using the formula 

Lni:2.5a:Zotr (10) 











where L is in henries, Zo is in ohms, tr is 
the system 10% to 90% risetime in seconds, 
and a is a dimensionless coefficient related to 
the observed reflection coefficient p by either 

the graph or Fig 14, or formula (11). 



Ipl = a (1 - e ) (11) 

A small shunt capacitor’s value can be 
calculated using the formula 



2.5 a tr 



where C is in farads, and the other units are 
as in formula (10). 



Small Series Inductor 



Equivalent 

Circuit 



Series with 
terminated 
line 



Parallel with 

terminated 

line 






I TABLE 5 “Large” Inductor Circuits and Formulae 



*7) 

: 2 Z, X 1 TCl 



I = ~ X 1 TC 



(9) 

L = Zo X 1 TC 



Fig 15 is an example of TDR displays from 
a small inductor (1^ turn) placed in parallel 
with a 50 line at (A), and in series with 
the 5011 line at (B). Calculations were made 
on Fig 15A first because the display is a 
clean exponential that permits L/R time con- 
stant analysis. Waveforms #1 and #2 of 
Fig 15 A show first the full exponential decay 
through five CRT divisions, then at #2 the 
waveform was positioned vertically so the ex- 
ponential end is at — 1 division. Waveform 
#3 used the same vertical calibration, but 
was time expanded to obtain the new 100% 
to 50% time duration. 

The time duration of the 50% amplitude 
change section of the exponential curve is 
450 ps. This time divided by 0.693 produces 
a one time-constant time duration of 650 X 
10”^" seconds. Then from formula (8), the 
value of the inductor is 16.22 nH (1.622 X 
10-^ H). 













The waveform of Fig 15B has an observed 
deflection coefficient of +0.58. From the 
graph of Fig 14, 0.58 p is equal to 0.82 a. 
The risetime of the system was found to be 
160 ps by disconnecting the insertion unit in 
which the inductor was located and measur- 
ing the reflection signal risetime. These fig- 
ures placed into formula (11) give a value for 
the series inductor of 16.4 nH (1.64 X 10'® 
H). This correlates very well with the pre- 
vious parallel measurement. 



Small Shunt Capacitor 

Fig 16 is an example of a small shunt ca- 
pacitor placed across a 50 12 coaxial cable by 
compressing the cable outer diameter. Since 
the cable (RG8A/U) has normal impedance 
variations along its length, the peak reflection 
from the capacitor can only be approximated. 
Assuming a p of — 1 division in Fig 16, then 
by formula (12), the capacitance is approxi- 
mately 0.085 picofarads. 

The Tj'pe 1S2 is useful for observing simi- 
lar small discontinuities along transmission 
lines. In particular, high quality cable con- 
nectors can be evaluated for their ability to 
maintain a constant impedance where two 
cables are mated. Or, the quality of produc- 
tion installation of high quality connectors to 
flexible cable can be easily evaluated. 




Fig 16. Shunt capacitor, C::i0.085 pF, caused 
fay compressing RG8A/U coaxial cafale with 
pliers. 




Fig 17. “Dribble up” characteristics of two 
lengths of RG8A/U. 



Measuring Technique 

The measurement of the small series induc- 
tor of Fig 15B is explained here to point out 
necessary techniques for measuring small 
reactances. 

In evaluating small reactances with the 
TDR system, we have assumed the driving 
pulse to be a linear ramp ; therefore, the ramp 
risetime must be determined for each change 
in the test system. The words “dribble up'’ 
refer to the characteristic of a coaxial cable 
to transport a step signal with distortion. The 
time required for the cable output signal to 
reach 100% of the step signal input amplitude 
is many times longer than the interval needed 
for the output signal to change from 0% to 
50%. If we consider that the small reactance 
receives a pure ramp signal, then the rounded 
corners of the output pulse must be ignored. 

Fig 17 shows the degradation of the Type 
1S2 incident signal pulse by two different 
lengths of RG8A/U coaxial cable. Fig 17 A 
is the reflection from an open cable 96 cm 
long, (192 cm signal path) and Fig 17B is the 
reflection from an open cable 550 cm long 
(1100cm signal path). The upper waveform 
in each case was made with the Type 1S2 
VERTICAL UNITS/DIV control set to 0.5 
p/DIV, calibrated. The lower waveform in 
each case was made with the Type 1S2 verti- 
cal VARIABLE control advanced slightly 
clockwise to approximate a deflection factor 
of 0.5 p/DIV for just the ramp portion of the 
waveform. In each case the signal continues 
to rise after the inital step, but Fig 17B shows 
the “dribble up” characteristic very plainly. 
The lower waveform of Fig 17 A and B does 
not permit an accurate measurement of the 
system risetime because the waveforms as 
shown are not large enough. However, the 
upper waveforms of Fig 18A and B are large 
enough to permit a reasonable measurement 
of the 10% to 90% risetime of the ramp that 
drives the small inductor. It is also obvious 
from Fig 18A and B that the series inductor 
peak reflection is truly caused by just the 
ramp portion of the driving signal and not 
by the “dribble up” portion. 

Calculations made from Fig. 18A and B 
using formula (11) and the curve of Fig 14, 




Fig 18. Small series inductor measured 96 
cm and 550 cm away from Type 1S2 in 
RG8A/U coaxial cable. 



indicate the series coil has an inductance of 
16.40 nH at Fig 18A and inductance of 16.51 
nH at Fig 18B. (Fig 18A : L — (2.5) (0.82) 
(50) (1.60 X 10-®) = 1.64 X 10-®H.) (Fig 
18B: L = (2.5) (0.66) (50) (2.0 X 10;®) 
1.651 X 10"® H.) This indicates that an in- 
ductor in series with a coaxial transmission 
line can be accurately measured so long as tht 
risetime of the ramp portion of the incident 
signal can be measured. Fig 18B indicates 
that a cable of RG8A/U a bit longer than 550 
cm might make it difficult to measure the 
ramp risetime from the display. If a cable 
has sufficient length to prevent a reasonable 
display to measure the ramp 10% to 90% 
risetime, the small series inductor cannot be 
measured. 

Calculations of cable risetime will not per- 
mit small inductor measurements because the 
Type 1S2 vertical p/DIV calibration must be 
adjusted in each case. Once the vertical gain 
has been increased to measure the ramp rise- 
time, the same new adjusted vertical p/DIV 
setting is used for measuring the observed p 
from the series inductor. If the cable is long 
enough to make it impossible to “see” the top 
of the ramp, the inductor cannot be measured. 
The same limitations apply when measuring 
small shunt capacitors. 



Loeafijig Small Reactances 

The discussion of small reactances has thus 
far assumed that the TDR operator has ac- 
cess to all the cable between the TDR unit 
and the reactance being measured. This is, 
of course, not always the case. When a long 
length of cable indicates a fault, the reflected 
signal has not only been reduced in amplitude, 
it has also been smeared in time. The discon- 
tinuity is then located in time, closely related 
to the approximate 10% amplitude point or 
the beginning edge of the display rather than, 
as might be expected, at the peak of the re- 
flection. 



REFLECTIONS FROM RESISTIVE DISCON- 
TINUITIES 

Two types of reflections occur from two 
types or resistive discontinuity. They are a 


















step reflection, or a continuously changing re- 
flection. A resistance in series with a trans- 
mission line causes a positive reflection. A 
resistance in parallel with a transmission line 
causes a negative reflection. Discrete single 
resistors cause a step reflection, while dis- 
tributed resistance causes a continuously 
Changing reflection. The discrete resistor 
reflections are shown in ideal form in Fig 
19, and the distributed resistance reflections 
are shown in ideal form in Fig 20. 

Fig 20 has been exaggerated by showing 
the distributed resistance beginning at a parti- 
cular point in the line. Normally, such series 
or shunt distributed resistance will be found 
in the total length of line tested by TDR. 

All four forms of resistance are an indica- 
tion of signal losses between the input and 
output ends of the transmission line. The sin- 
gle resistor discontinuities can occur due to 
discrete components or may indicate a loose 
connector with added series resistance. Such 
discontinuities can be physically located by 
special use of the POSITION RANGE con- 
trol of the Type 1S2. Distributed losses are 
usually part of the particular line being tested 
and the TDR display can be of value for 
quantitative analysis of resistance per unit of 
line length. 

No reflection should occur from a prop- 
erly fabricated matched attenuator. There- 
fore, a TDR unit will not indicate losses when 
matched attenuators are used. 



Distribyfed Resistance Examples 

The examples of distributed resistance re- 
flections that follow deal with the normal 
characteristics of transmission lines. Both 
kmall diameter lossy cables and moderate dia- 
meter quality cables are discussed. 



Smoll, Lossy Cables 

A small diameter 50 transmission line 
(such as % inch diameter cable) will have 
sufficient DC resistance to mask “skin effect” 
losses. The DC resistance in its center con- 
ductor will cause a nearly exponential _ chang- 
ing reflection. See Fig 21A. As the incident 
signal propagates down the line away from the 
TDR unit, the small series resistance causes 
small reflections to return to the TDR unit. 
If you mentally integrate the line into small 
sections of series resistance, you can then 
understand the continuous return of energy 
to the input end of the line. Each reflected 
energy “bit” is additionally attenuated on its 
way back to the TDR unit. This return at- 
tenuation is the factor that prevents the dis- 
play from being a linear ramp, converting it 
into a nearly exponetial reflection. (Note the 
curve of the reflection between the incident 
signal plus step and the termination of Fig 
21A. 

Another way of expressing the effect of the 
nearly expoential reflection is to say that the 
transmission line input surge impedance 
changes with time. Fig. 21 A shows the line 
surge impedance to be essentially 50 at the 
beginning of the exponential reflection and to 
be approximately 64 after 130ns (-|-0.12 n 
64 fl). 

The long nearly exponential decay after the 
termination of Fig 21 A is related to high fre- 
quency losses and the previously described 
“dribble up”. The negative reflection occurs 
at the termination because the 5012 termina- 



tion was driven by approximately 6412. If 
the long exponential decay after the termina- 
tion were expanded vertically, it would follow 
the rules for distortion to pulses by coaxial 
cables described with Fig 25. 

If the small diameter cable is shorted at its 
end instead of terminated, the TDR display 
will appear similar to Fig 2 IB. A lossless line 
would have a full — 1 p after the short, but 
the smaU lossy cable not only has attenuation 
of the signal to the short, but attenuation of 
the reflected signal back to the TDR unit. 
Again, the long nearly exponential curve after 
the short is caused by the cable distorting the 
reflected step signal. 

Fig 21 B also allows measuring the total 
cable DC resistance between the TDR unit 
and the short circuit of Fig 21B. The vertical 





Fig 21. Waveforms of Vs inch diameter lossy 
50 12 cable. 



distance between the incident pulse peak level 
and the right end flat portion of the reflected 
signal is due strictly to the cable DC resis- 
tance. In this case, — 3.8 divisions = — 0.76p 
which is equal to 6.5 12 (from curve of Fig 
10). (A bench multimeter type ohmmeter 
indicated 6.8 ohms for the same cable.) 



Qualify Cables 



A quality cable, such as RG8A/U (5212), 
RG213/U (5012) or RGll/U (7512) will 
exhibit similar characteristics to the small 
lossy cable just described, but the cable must 
be much longer to obtain a similar display of 
series resistance. Fig 22A and B show the 
same rising type of waveform caused by 
center conductor series resistance in RG213/ 
U. Fig 22 C shows the residual DC resistance 
of the line when shorted. Fig 22D is a time 
and voltage expansion of the (A) and (B) 
w^aveforms to show a possible use for the 
Type 1S2 in troubleshooting cable fabricating 
equipment. 














Fig 23 shows the same series resistance 
characteristics for RGll/U cable. However, 
instead of terminating the cable end, the series 
resistance was measured first witli the end 
open, and then with the end shorted. Note the 
difference in slope of the waveform (apparent 
change in resistance) after the signal has 
traveled to the indicated line end. The change 
in slope is due to distortion of the originally 
flat incident pulse by traveling through the 
cable once. As the non- flat signal reaches 
the cable end, its reflection back through the 
cable is altered a second time. The net result 
is an obvious distortion to the true resistive 
slope of the reflected “bits” of the distributed 
series resistance during the 2nd half of the 
reflection. This example is given to show 
the desirability of properly terminating any 
line section in which you wish to measure its 
total distributed series resistance. (Conditions 
leading to this changing slope phenomenon 
are described by H. H. Skilling on page 397 
of his text “Electronic Transmission Lines”, 
McGraw-Hill, 1951.) Each of the three wave- 
form pictures of Fig 23 is a double expo- 
sure with the lower waveform showing the 
normal Type 1S2 response to a termination 
resistance at (A) and (B) and a short cir- 
cuit at (C). 



COAXIAL CABLE RESPONSE TO A STEP 
SIGNAL 



Coaxial cable have a step-function response 
that distorts the original signal. The distor- 
tion is caused by cable losses of several types 
which are frequency dependent. The longer 
the cable length, the greater the distortion. 
Response to a step signal can be evaluated by 
placing the cable in a TDR system, or by plac- 
ing it between a fast rise pulser and a fast 
risetime sampler. (When a cable is tested by 
a TDR device, the signal traverses the line 
twice ; when a cable is placed between a 
pulser and a sampler, the signal traverses the 
line once.) 



Studies in the past that considered skin 
effect losses only^ have indicated that some 
types of coaxial cables have a step-function 
response with decibel attenuation that varies 
as the square root of the frequency. Based 
upon this assumption (of skin effect losses 
only), the step response time from 0 % to 
50% will increase by a factor of 4 through a 
cable whose length is twice that of a previous 
test. Such is not the case in practice as seen 
by use of the Type 1S2. Other forms of 
losses due to the dielectric material between 
inner and outer conductors, radiation from 
lines whose outer conductor is braided, and 
reflection losses from surface variations of 
the conductors, are discussed in detail in an 
article by.N. S. Nahman^ Nahman considers 
several techniques which are useful in ana- 
lyzing the transient behavior of coaxial cables 
that have these forms of high frequency 
losses. 



long Cobles 



Distortion to pulse signals in coaxial cables 
is most easily evaluated (visually displayed on 
a CRT) when the cable is long. A long cable 
is here defined as one that exhibits signifi- 
cant losses in the system in which it is used. 
The tests shown in Fig 24 were made on a 
100 foot section of RGll/U and a 260 foot 
section of RG213/U. In each case the signal 
traversed the line twice in a normal TDR 
manner. The cable far end was left an open 
circuit so that a return signal of +lp could 



be observed. This gives the same effect as 
having sent the Type 1S2 signal through a 
line twice as long. 



The term To, shown in Fig 24, is the length 
of time between the 0 % amplitude and 50% 
amplitude points along the step rise of the 
cable output signal. 0% to 50% is chosen 
because it contains the fastest part of the 
transition and because it is easy to read. The 
usual practice of measuring risetime from 
10% to 90% is perfectly valid if the display 
has an adequate rate of rise at the 90% point. 
The cables tested for Fig 24 have a 10% 
to 90% risetime that lasts about 18 times 
longer than To. Fig 24 shows plainly that 
the step response of a coaxial cable does' not 
have the familiar Gaussian shape. For this 
reason the risetime of systems containing long 
coaxial cables cannot be calculated using the 
square root of the sum of the squares of the 
individual unit risetimes. 



The length of time required for the out- 
put signal to rise to 100% of the input signal 
is many times longer than To. This distor- 
tion is called “dribble up” as first discussed 
earlier under Measuring Technique when 
measuring a small series inductor in a trans- 
mission line. Fig 25A is a double exposure 




Fig 23. Qualify RGll/U cable resistance 
and AZo characteristics. (Cable tested was 
100 feet long}. 



using the 260 foot length of RG213/U con- 
nected between the Type 1S2 1-Volt pulser 
and the terminated Thru Signal Sampler. 
Both traces were made at 100 ns/div. The 
upper trace at 0.2 p/DIV and the lower trace 
at 0.05 p/DIV. The lower trace leads us to 
believe that the output pulse reaches 100% 
amplitude sometime between 4000 and 500C 
ns after the initial step rise. More exact 
measurements can be made by comparing the 
cable output with the Type 1S2 no-cable 
response as shown in Fig 25 B. Here both 
traces were made at 1000 ns/DI V and 0.02 
p/DIV with an intentional small vertical re- 
positioning. When the two traces become a 
constant distance apart, you can be relatively 
certain the cable output signal has reached 
100% amplitude. Fig 25B indicates a possi- 
bility that the output signal had not completely 
reached 100% amplitude even after 8000 ns 

(8/4S). 



Short Cables 



Even though information just given on 
Long Cables is true for any length cable, a 
physically short cable can be treated as if it 



^R. L. Wigington and N. S. Nahman, “Transient 
analysis of coaxial cables considering skin effect/’ 
Proc. IRE, vol. 45, pp. 166-174; February 1957. 
Q. Kerns, F. Kirsten and C. Winningstad, “Pulse 
Response of Coaxial Cables,” Counting Notes, 
File No. CC2-1, Rad. Lab., University of California, 
Berkely, Calif.; March, 1956. Revised by F. 
Kirsten; Jan. 15, 1959. 

“N. S. Nahman, “A Discussion on the Transient 
Analysis of Coaxial Cables Considering High- 
Frequency Losses,” IRE Transactions On Circuit 
Theory, vol. CT-9, No. 2, pp. 144-152; June, 
1962. 




Fig 24. RGll/U and RG213/U distortion 
to a step signal. Waveforms are reflections 
from cable open end. 















were Gaussian. A short cable will have a To 
sufficiently faster than the Type 1S2 fast 
pulser 10% to 90% risetime, that the long 
slow rise (“dribble up”) of Fig 25 will not 
be evident. Under these short cable condi- 
tions, it is reasonable to assume the bandpass 
upper limit of a cable and its system can be 
approximated from the 10% to 90% rise time 
display. A display of 10% to 90% risetime 
in 100 picoseconds then approximates a sine 
wave upper frequency 70% amplitude of : 
0.35/ (1 X 10-^°) 3500 MHz. 




Fig 25. “Dribble up” output signals from 
260 ft. RG213/U. 




Large Diameter Transmission Lines 



Use of the Type 1S2 0.25- Volt fast-risetime 
pulser should be limited to use on lines whose 
outer conductor inner diameter is less than 
about one-quarter wavelength at 3500 MHz. 
Normal signal propagation mode in transmis- 
sion lines is TEM, but will change to a wave- 
guide mode, TEji, if too high a frequency is 
used. Fig 26 shows both modes of propaga- 
tion in a transmission line 3^ inch in diam- 
eter. Fig 26A picture was taken using the 
Type 1S2 1-Volt pulser. Fig 26B picture was 
taken using the Type 1S2 0.25- Volt fast 
pulser. The line elements were the same in 
each case; 1) a short section of RG213/U 
cable between the Type 1S2 and a tapered line 
section ; 2) the tapered line section ; and 3) 
a section of 314 diameter rigid air line 
with a 90° elbow in the display time window. 
The numerous aberrations of Fig 26B are 
due to a change in propagation mode when 
the signal arrived at the 90° elbow. The 
resulting multiple reflections are of no value 
to the operator testing the line. 



SPECIAL APPLICATIONS 
General 



Much of the previous portion of this article 
deals with using the Type 1S2 as a Time 
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Domain Reflectometer. Many more uses can 
be made of the unit in a TDR mode, limited 
only by the measurement needs of the user. 
Listed below are suggestions of other TDR 
applications not yet described. 



Signal Generator Output Impedance 



The Type 1S2 can be connected to the 
output terminal of a signal generator to meas- 
ure its output impedance. If the generator 
output signal can be turned off while keeping 
the output circuit active, a clean TDR can be 
obtained. 



Broadband Amplifier Input Impedance 



Fig 27 shows two pictures of a broadband 
amplifier input circuit. Fig 27A includes the 
active emitter circuit of the input common- 
base transistor amplifier. Fig 27B includes 
the parts between the input connector and the 
transistor emitter. The power was off when 
Fig 27B photo was taken to show the tran- 
sistor emitter spatial location accurately. 



Circuit Boord Lead Impedance 



Fig 28 A shows changes in surge impedance 
of leads along an etched circuit board. (The 
board reverse side was fully plated.) The 
major dip is due to a right angle corner while 
the minor dip is due to a rounded corner. 



Changes in surge impedance due to a change 
in lead width is also plainly seen by TDR. 
Fig. 28 B shows an inductive section of line 
when the physical width of the line was 
reduced one half for a length of about 1.25 
inches. 




Fig 26. Propagation mode change in large 
diameter transmission line when driven by 
the Type 152 fast pulser. 



Fig 27. TDR view of broadband amplifier 
input circuit. 



Fig 28. Etched circuit board Z© checked by 
TDR. 

















Frequency Compensation ©f Lossy Cables 

A lossy coaxial cable connected between one 
of the Type 1S2 pulsers and the sampler 
(terminated) permits a view of the cable 
output signal Fig 29 shows the same lossy 
cable described earlier with Fig 21. A double 
exposure shows at the top how the cable 
distorts the 1-Volt pulser while the lower 
waveform is flatter due to a simple RC com- 
pensation network placed between the pulser 
and the cable. The TDR unit will permit 
testing such compensation networks. 

i\foiyation of Ferrite Becids and Cores 

Ferrite beads and cores can be evaluated 
using the Type 1S2. Simple inductors wound 
on toroid ferrite cores are represented by an 
equivalent circuit which is essentially an in- 
ductance in parallel with a resistance. The 
resistance results from core losses and may 
be typically as low as 10 to 30 ohms/ (turn) I 
Both the resistance and inductance charac- 
teristics of ferrites can be seen in a TDR 
display. 

Fig 30 shows two displays and the special 
adapter jig used to test a ferrite bead. The 
adapter jig is made from one half of a Tek- 
tronix Insertion Unit (Part No. 358-0175-00). 
The end of the center piece was flattened and 
a formed piece of #10 copper wire soldered 
in place with a ferrite bead included. Thus, 
there is only a small diameter change of the 
SO center conductor (pip in both displays) 
and one turn through the ferrite center. (Use 
smaller wire for smaller beads.) 

Fig. 30A shows the basic display. L/R time- 
constant anabasis is similar to that of Fig. 15 
and formula (8) of Table 5, except the core 
R is in parallel with the driving line Zo. 

Fig 30B shows the ferrite bead resistance as 
— 0.16 p, or 3612. (The 3612 is read directly 
from the curve of Fig 10.) The resistance 
value of a core is read by finding the curve 
knee (as marked in Fig 30B) where the 
inductance affect becomes obvious. The posi- 
tive pip is ignored. 






The measurements described in this article 
can be easily made with the Type 1S2 Plug-In 
Unit. 

The Type 1S2 Sampling Plug-In converts 
any Tektronix 530, 540, 550-series oscilloscope 
to a time- domain reflectometry measurement 
system. It also has the ability to make many 
general sampling measurements. 

As a TDR, the Type 1S2 has a system 
risetime of 140 ps and is calibrated in p 
(rho) from 0.005 p/div to 0.5 p/div. The 
horizontal is calibrated from 1 cm/div to 100 
m/div for dielectrics of air, TFE and poly- 
ethylene. A 10-turn dial reads directly the 
one-way distance to the test -line discontinuity. 
Two pulse outputs provide either 50 ps T,. 
at 250 mV into 50 12 or 1 ns T,. at IV into 
50 12. 

The 90-ps risetime, 5 mV/div deflection 
factor, lOOps/div sweep and built-in trig- 
gering capability make the Type 1S2 useful 
in many other sampling measurements. 









Tektronix 530, 540 and 550-series piug-in oscilloscopes 
offer a wide range of performance, designed to meet your 
changing measurement needs. Select the performance and 
measurement functions you need from multi-trace, differen- 
tial, sampling and spectrum analyzer plug-ins. 

For multi-trace applications, the new Type 1 A4 Four-Chan- 

nel amplifier offers constant DC-to-50 MHz bandwidth and 
7-ns risetime capabilities over its 10 mV/cm to 20 V/cm de- 
flection factor range. Operating modes include alternate or 
chopped four channel, dual channel differential, and 2, 3, or 
4 channels added or subtracted. Two dual-trace plug-ins are 
also available, the Type 1 A1 with 28 MHz at 5 mV/cm (50 MHz 
at 50 mV/cm) and the Type 1A2 with 50 MHz at 50 mV/cm. 

For differential applications, the new Type 1 A5 Differential 
amplifier features 1 mV/cm deflection factor, 1,000:1 common- 
mode rejection ratio at 10 MHz, ± 5 V comparison voltage 
and 50 MHz bandwidth with 7-ns risetime at 5 mV/cm. The 
low-cost Type 1A6 Differential piug-in with 1 mV/cm de- 
flection factor, 10,000:1 CMRR and 2-MHz bandwidth and the 
high-gain Type 1A7 Differential plug-in with 10 /xV/cm de- 
flection factor, 50,000:1 CMRR and 500 kHz bandwidth are also 
available. 



For sampling applications, choose from two high perform- 
ance plug-ins, the Type 1S1 general purpose sampling plug- 
in and the Type 1S2 TDR sampling plug-in. The Type 1S1 
features internal triggering, 0.35-ns risetime, DC-to-1 GHz 
bandwidth and calibrated sweep speeds from 100 ps/cm to 
50 Ms/cm. The Type 1S2 is a time-domain reflectometer with 
a system risetime of 140 ps, 0.005 p/div deflection factor and 
sweep rates from 100 ps^iv to 1 ps/div. With its 90-ps rise- 
time, 5 mV/div deflection factor and built-in triggering, the 
Type 1S2 can be used in many other sampling applications. 

Four spectrum analyzer plug-ins covering the spectrum 
from 50 Hz to 10.5 GHz convert your oscilloscope to a high- 
performance spectrum analyzer. The plug-ins cover the fol- 
lowing frequency bands: Type 1L5 from 50 Hz to 1 MHz with 
10 pV/cm deflection factor; Type 1L10 from 1 MHz to 36 MHz 
with —110 dBm sensitivity; Type 1 L20 from 10MHz to 4.2 GHz 
with — 110 to— 90 dBm sensitivity; and Type 1L30 from 925 
MHz to 10.5 GHz with —105 to —75 dBm sensitivity. 



Multi-trace 

sampling 




differential 
spectrum analysis 



in all Tektronix 530-540-550-series plug-in oscilloscopes 




Tektronix, Inc. 



For complete information, contact your Field 
Engineer, Field Representative, or Distributor. 
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by Don L. Clark 








INTiODUCTION 

Tektronix recently introduced the Type 
410 Phi'Siological Monitor, a special purpose 
oscilloscope for use in clinical medicine. The 
instrument is small and powered by a re- 
chargeable battery pack. Despite its com- 
pactness, it features a large 8x10 centi- 
meter display area made possible by a wide- 
angle, magnetically - deflected cathode - ray 
tube (CRT). More importantly, the monitor 
is tailored to the unique requirements of the 
medical clinician. 

For example, the controls are greatly 
simplified from those found on many oscillo- 
scopes and are labeled in terms meaningful 
to medical personnel (Fig 1). The size and 
optional mounting fixtures permit the instru- 
ment to be used in the crowded perimeter of 
the surgical operating table. 

You can monitor any of three important 
physiological signals with the Type 410: 

ECG — (or EKG, the Electrocardiogram) 
An electrical signal produced by the heart 
which can be detected on the surface of the 
body. 

Pulse — Pulsations of blood sensed in the 
finger or elsewhere with the appropriate 
transducer. 



EEC — (Electroencephalogram) An ‘elec- 
trical signal produced by the brain. 

The 410 was designed to be used wher- 
ever surveillance of patient condition is vital. 
In the operating room, a physiological moni- 
tor provides information regarding reactions 



to anesthesia and surgical procedures. In 
the recovery room and the intensive care 
unit, which by their very existence indicate 
the importance of constant surveillance, the 
physiological monitor provides a continuous 
display of valuable data. 



2 



© 1967, Tektronix, Inc. All Rights Reserved 








SIGNALS FROM THE HUMAN BODY 

The human body provides many indexes 
o£ relative well-being. Excessive body tem- 
perature has long been known to accompany 
ailments ranging from the minor to the 
serious. In a similar sense, and with varying 
degrees of reliability, eye dilation, pulse 
rate, respiration rate and others provide 
worthwhile information regarding the vi- 
ability of the human body. When considered 
in the time domain, certain of these physio- 
logical indicators become more critically 
important and can yield substantially more 
information than others. 

For example, one or two degrees of exces- 
sive body temperature persisting for several 
days would be of comparatively less cause 
for alarm than a heart stoppage for ten 
seconds. Moreover, the thermal mass of the 
body is such that hourly sampling might 
provide all the information required. But 
the nature of the heart is such that signifi- 
cant information may be observed from 
events lasting only a few hundredths of a 
second. 

Thus, the physiological signals can be 
classified according to (1) the magnitude 
of deviation from the norm, (2) the rela- 
tive importance to the human body, (3) the 
rapidity with which the change can occur, 
and (4) the time duration of the shortest 
significant event within the data. Signals 
involving comparatively short duration cycli- 
cal events and potentially rapid change can 
yield considerable information when dis- 
played in graphical form on a monitor such 
as the Type 410. 

THE ELECTROCARDIOGRAM (ECG) 

Among the key phi'siological indicators is 
the ECG ; a graphical recording of the heart 
electrical activity. This signal is associated 
with the muscular contraction which pro- 
duces the pumping action. Effective pump- 
ing requires coordination of the individual 
heart muscles, with related cyclical patterns 
in the electrical signal. 

While the electrical signal occurs within 
the heart muscle tissue, it can be detected 
on the surface of the body. The sensing- 
electrodes can be placed at many different 
sites and each pair or combination of elec- 
trodes provides a different perspective of 
the complex three-dimensional signal gen- 
erator, the heart. 

Figure 2 shows an idealized waveform 
representing the electrocardiogram from one 




Fig 2. ECG Waveform 



of the more popular monitoring configura- 
tions which consist of a differential meas- 
urement between electrodes on the riglit arm 
and left leg with a third electrode on the 
right leg serving as a common -mode refer- 
ence to the monitoring .system. 

The information obtainable from the ECG 
is far too broad and technically complex to 
detail here, but several general uses can be 
mentioned: (1) Heart rate can readily be 
determined as can improper rhythm. (2) 
Heart attacks may involve dead tissue and 
coagulated blood in portions of the heart 
which can produce an abnormal ECG. (3) 
During certain stages of pregnancy, the fetal 
ECG can be detected. The presence of more 
than one fetus has sometimes been deter- 
mined by this method. Orientation of the 
fetus in the womb may be determined by 
noting the fetal ECG polarit\^ (4) Victims 
of electrical shock may die due to heart 
fibrillation, a condition in which little or 
no blood is pumped by the heart. Fibrilla- 
tion is a total loss of coordination between 
the various heart muscles which causes the 
heart to quiver rapidly rather than rhythm- 
ically contracting and expanding. De fibril- 
lation can often be accomplished by applying 
a powerful electrical shock (up to 400 watt 
seconds in a ten-millisecond pulse) which 
temporarily locks the heart muscles. Within 
a few seconds after the intentional shock, 
the heart will often restart with the proper 
coordination. The electrical activity of the 
heart before and after defibrillation is read- 
ily monitored with the Type 410. Input cir- 
cuitry of the instrument is protected against 
destruction by the defibrillator pulse so that 
there is no need to disconnect the monitor- 
ing electrodes during defibrillation. 

THE PULSE 

A normal ECG is no proof that blood is 
properly circulating throughout the body. 
Monitoring of the pulse by touch on the 
wrist, neck or elsewhere can show that blood 
is circulating, at least in that portion of the 
body and, in some cases, the judgement can 
be made that the pulse is “weak” or “strong”. 

The Pulse Sensor can more than replace 
the conventional touch method. The sensor 
is easily attached to the patient and will pro- 
vide continuous, hands-off monitoring. 

As the blood pressure rises and falls with 
each heart beat, the amount of blood present 
in any particular portion of the flesh varies 
slightly with the expansion and contraction 
of the blood vessels. This slight change can 
be detected from the correspondingly slight 
change in the translucency of the flesh. A 
small, low- power incandescent lamp directs 
light into the flesh and an adjacent photo - 
resistor senses the light variation. 

The finger tip, toe, and forehead are 
particularly good locations for the sensor. 
Contact pressure between the sensor and 
flesh is an important factor; excessive pres- 
sure will block blood flow and too little 
pressure will result in an excessive sensi- 
tivity to movement, thereby introducing 
interference. The Pulse Sensor is shown in 
Figure 3 with a removable finger adapter. 




Fig 3. Pulse Sensor 



This spring-loaded adapter not only holds 
the sensor against the finger with the proper 
pressure, but also excludes potentially inter- 
fering modulated light from fluorescent 
lamps or other sources. The adapter can be 
quickly attached and is self -holding on the 
finger. 

For quick determination of heart rate, a 
direct reading Heart Rate Scale is provided 
across the top of the Type 410 graticule as 
shown in Figure 4. This scale is possible 
through the use of automatically triggered 
sweeps for both ECG and pulse displays. 




Fig 4. Pulse Sensor Waveform 



and by the accurate sweep speeds of the 
Type 410. Three sweep speeds are provided : 
25, 50, and 100 millimeters per second. The 
Heart Rate Scale is calibrated for use with 
the 50 mm/s speed. 

The portion of the signal which has the 
greatest amplitude triggers the sweep and 
therefore appears at the lefthand edge of 
the graticule as shown in Figure 4. The 
corresponding portion of the next cycle 
appears to the right of the first at a dis- 
tance determined by the time interval be- 
tween the events and the horizontal sweep 
speed of the Type 410. From the known 
sweep speed and the measured distance, a 
simple calculation gives the pulse rate. The 
Heart Rate Scale is derived from this cal- 
culation and can be used with either a pulse 
or ECG display. (Display shows 75 beats/ 
min.) 

While the event which produces sweep 
triggering remains stationary at the left- 
hand edge of the graticule with successive 
sweeps, the second event changes position 
with any variation in heart rate. If the heart 
rate is uniform, the display need be watched 
for only two or three seconds to obtain an 
accurate rate indication. The scale can also 
be used with slightly less accuracy with the 
other two sweep speeds ; dividing by two on 
25 mm/s and multiplying by two on 100 
mm/s. 
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THE ELECTROENCEPHALOGRAM (EEGI 

In some surgical procedures, the heart is 
intentionally stopped and blood circulation is 
maintained by an external mechanical pumj) 
making it more difficult to determine the 
relative well being of the patient. In such 
cases the Type 410 can be used to monitor 
the KEG, the electrical activity of the brain. 
This complex signal, seemingly random to 
the layman (Figure 5), can yield valuable 
information through analysis of amplitude 
and frequency content. 

The EEG is detected upon the surface of 
the head with electrodes similar to those 
used for EGG. 




Fig 5. EEG Waveform 



MONITORING CONVENIENCE 

Note that all three types of signals pre- 
viously discussed as applicable to the Type 
410 are not only among the most important 
indicators of patient well being, but that all 
are available at the surface of the body. 

For maximum monitoring capability and 
cross correlation between signals, seven elec- 
trodes and the pulse sensor ma}- be connected 
to the patient as shown in Figure 6. Using 
only the INPUT SELECTOR switch, the 
user can select the EEG, EGG, or pulse 
waveform. With a second switch, the EGG 
LEAD SELECTOR, any of seven standard 
combinations of EGG electrodes may be 
chosen. 



THE CLINIOAN 
AND HIS ENVIRONMENT 

The Type 410 is of particular value to 
the anesthesiologist, a medical doctor special- 
izing in anesthesiology. His activities in the 
operating room go far beyond tlie adminis- 
tration of anesthetics ; he is responsible for 
monitoring patient well-being, assists the 
patient’s breathing, monitors blood loss and 
replacement, monitors blood pressure, admin- 
isters drugs, and in general watches for an\’ 
unfavorable reaction due to the anesthetic 
or the surgical procedure. 

Instrumentation which can provide some 
of the needed data can be of considerable 
value. To provide the anesthesiologist with 
continuous information, the Type 410 pro- 
duces an audible “beep” coincident with the 
most significant event in each cycle of the 
EGG or pulse waveform. Most doctors and 
nurses, through experience, will be able to 
estimate heart rate quite accurately by listen- 
ing to the “beep” and will most certainly be 
able to detect poor rhythm. Should a more 
qualitative determination of heart rate be 
desired, a quick look at the Heart Rate Scale 
will suffice. With the LOUDNESS control, 
the sound can be made audible to 4he entire 
surgical team or only to the anesthesiologist. 

Several features of the Type 410 combine 
to insure that a display is available under 
nearly all circumstances. These features in- 
clude the elimination of input coupling ca- 
pacitors so as not to retard recovery from 
overdrive by high amplitude defibrillator 
pulses or electrocautery arcs. AG coupling 
for drift elimination is provided between 
amplifier stages and includes an overdrive 
scan limiter for quick recovery. 

Automatic sweep triggering circuits, which 
require no operator controls, seek out the 
event of dominant amplitude in the EGG or 
pulse signal, regardless of polarity. If the 
amplitude of the dominant event should sud- 
denly decrease, the sweep and audio “beep” 
temporarily stop while the trigger circuits 
search for lower amplitudes. ITowever use- 
ful information continues to be available. 
The GRT spot will appear at the lefthand 



edge of the graticule and any available 
heart signal will cause the spot to bounce 
vertically. If, wit Inn two to four seconds, 
the triggering circuits have not found a 
lower amplitude signal, the audio “beep” 
restarts, sounding at a rapid rate to serve 
as an alarm. 

The operating room presents several 
unique restrictions to the use of instrumen- 
tation. The area immediately surrounding 
the operating table is often crowded with 
people and equipment. Gertain of these 
people must move around during the opera- 
tion and their pathway must not be obstruct- 
ed by equipment, patient monitoring cables 
or power cords. Battery operation of the 
Type 410 avoids power cords across the 
floor. 

A suitable location for the Type 410 is 
available on the anesthesiologist’s gas ma- 
chine. This machine is usually located near 
the patient’s head and is a wheeled cart con- 
taining gas cylinders, distribution manifolds, 
valves, flow gauges, etc. There is often a 
set of drawers in a cabinet which provides a 
small table top. IToses from the gas machine 
connect to the face mask through which the 
patient breathes. By mounting the Type 410 
on this machine, the patient cable parallels 
the hoses to the patient and therefore is not 
an added obstruction to traffic. The instru- 
ment is then at a convenient viewing distance 
for the anesthesiologist and the controls are 
within easy reach. 

An optional mounting fixture is available 
for mounting the Type 410 to the side of 
the gas machine so that the much-needed 
table space is not occupied. The mount can 
be attached to a flat .surface on the side of 
the draw'cr cabinet or to one of the vertical 
pipes used as structural support in some 
machines. The T^q^e 410 is supported five 
feet above the floor by the mounting fixture 
in order to comply with safety' regulations, 
and is a convenient level which permits most 
members of the surgical team to see the 
display when desired. 

When a surgical operation is completed, 
tlie i)atient must often remain under close 
observation for several hours. The first 
stage of observation usually takes place in 
the recovery room adjacent to the operating 
room. It is sometimes undesirable to inter- 
rupt the electronic monitoring of the patient 
while moving from surgery to recovery 
room. The battery-operated Type 410 simply 
lifts off the mounting fixture and is easily 
carried along with the patient for continuous 
monitoring, 

MEASUREMENT BARRIERS 

The real test of any physiological monitor 
is the fidelity with which it displays the bio- 
electric signal. The human body is consid- 
erably less than an ideal signal .source. The 
signals of interest are small, about one milli- 
volt. Unless the body is grounded, it usually 
bears an interfering 60-Hertz signal of sev- 
eral volts which is electrostatically induced 
by power line sources such as nearby light- 
ing fixtures and appliances. This signal will 
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Fig 6. Electrode and Sensor Connections for Cross Correlation of Signals 
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be common to all active signal leads to the The abilit}- of a monitoring system to re- various electrode sites will match, it is prob- 

monitoring device and is termed common- ject a common-mode signal is often limited able tliat dissimilar attenuators will be 

mode signal. by an inability to transport the common- formed with the monitor input circuitry. A 

The outer layer of skin is of compara- mode signal to the monitor by the two dif- few simple calculations will show that shunt 

tively high resistance and is therefore an ferent paths without having the signal ar- impedances to circuit ground wdthin the 

undesirable element in the signal path. More- rive at tlie monitor in dissimilar forms. If monitor of several hundred megohms are 

over, when a metallic electrode is placed this happens, at least part of the signal is required to reduce this effect to an accept- 

upon the bod^q the body fluids constitute an no longer in common mode, but has become able level. 

electrolyte and one-half of a battery is a differential signal which cannot be rejected The Type 410 provides excellent common- 

formed. Dissimilarities among the several by the monitor. This problem can occur due mode interference rejection capabilities by 

electrodes on the body can cause a DC volt- to the skin resistance at each electrode form- actively driving the shunt impedances in the 

age to exist between them. But since they ing an attenuator with the shunt input im- input circuitry. This technique is called 

form a poor battery, the terminal voltage pedance to circuit ground wdthin the moni- '‘guarding” and effectively multiplies the in- 

can vary wdth patient movement, perspira- tor. put impedances to several thousand times 

tion, etc. This voltage variation cannot be It is common practice to use a saline paste their actual values. The common-mode sig- 

separated from the desired bio-electric sig- under each electrode to impregnate the skin, nal therefore arrives at the monitor in a 

nal and therefore must be eliminated at its thus reducing the resistance betW'Cen the form wliich permits virtual!)^ complete re- 
source. fiighly conductive body fluids and the elec- jection. 

Certain desirable characteristics of a trode. This can reduce skin resistance from Tlie silver/silver-chloride electrodes sup- 

physiological monitor can now* be described. a high of perhaps one megohm to as little plied w-ith the Type 410 eliminate virtually 

High skin resistance must be reduced and as a few' hundred ohms w-ith careful prepa- all of the electrochemical problems associ- 

aii 3 '' voltage difference betw'Cen electrodes ration. How-ever, a more practical degree of ated wdth ordinary electrodes. These small 

must be small and stable. The monitor skin preparation will result in resistances electrodes can be comfortably w-orn by the 

should be unaffected by the common-mode ranging from one to five kilohms. Since it patient for many hours at a time. Electrode 

interference signal is highly unlikely that the resistances at the adapter cables are also provided wdth the 
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Type 410 which permit the use of many 
other standard electrode types. 

POWER REQUIREMENTS 

The Type 410 obtains power from a re- 
movable battery pack in the rear of the in- 
strument. The pack contains ten recharge- 
able size “C” Nickel- Cadmium cells and a 
complete line-operated charger. Recharging 
is started by simpb^ inserting the power cord 
into the rear of the battery pack. The bat- 
tery provides eight to twelve hours of instru- 
ment operation for each recharge. 

When the Type 410 is used in an Inten- 
sive Care Unit, continuous operation for 
days or weeks may be required. This pre- 
sents no problem. With the power cord 
attached, the instrument can operate indefi- 
nitely because the charging current slightly 
exceeds the current required by the monitor. 

PACKAGING CONCEPTS 

The top, bottom, and sides of the Type 
410 are rugged aluminum - alloy castings 
wdiich provide an easily cleaned, dust -tight 
cabinet. The monitor weight is only 12^2 
pounds including the battery pack. Eigliteen 
handle positions are provided for carrying or 
for tilting the instrument to the best view- 
ing angle. The handle hub is specially 
shaped to fit into a cup- shaped bracket on 
the mounting fixture (Fig. 7). 



SUMMARY 

The Type 410 Physiological Monitor was 
designed for patient surveillance. Only a 
few of the many necessary considerations 
have been discussed here ; the physiological 
signals, the intended user, the environment, 
the fidelity of signal display, etc. The area 
of possible application is broad. 



Output signals available from the rear of 
the monitor can drive a recorder to provide 
a permanent record as is u snail}' required in 
diagnostic applications. This portable, sim- 
ple- to-ope rate instrument will also find ap- 
plication in medical research with both 
people and animals, as well as in Veterinary 
Medicine. 



TYPE 410 

PHYSIOLOGICAL MONITOR 
CHARACTERISTIC SUMMARY 

VERTICAL 

Bandwidth 

ECG and 

AUX <0.1 Hz to 250 Hz ±15% 

EEG <0.1 Hz to 100 Hz ±15% 

Colibrated Deflection Sensitivity 

Accuracy 

Display Deflection <20 mV At 100 mV 
mode Sensitivity DC offset DC offset 

EEG 10 mm/50 itiV ±5% 0 to -10% 

ECG 20mm/niV ±5% 0 to — 10% 

AUX 2 mm/mV ±5% 0 to — 10% 

Vertical Size Range < Xl/3 to > X3 

Differential Input Resistance 

EEG and ECG 2 Mn ± 15% 

AUX 20MJ2 ± 15% 

Differential Dynamic Range 

At least 100 mV of either polarity 

Common Mode Rejection Ratio 

With <5-kS2 Source Impedance unbal- 
ance (at 60 Hz) and using properly 
applied electrodes. 

EEG > 150,000:1 

ECG > 150,000:1 

AUX > 150,000:1 

Common-Mode Dynamic Range 

-f 3 V to -3 V 



Drift 

<0.5cm/h (after 10 s warm-up) 

Nondestructive Input Voltage Limits 

Instrument need not be disconnected 
from patient during DC defibrillation 
or cautery 

Differential Overload Recovery Time 

<4 seconds (all cases) 

TRIGGER 

Trigger Requirements 

0.5 cm ECG display ( > 40 beat$/min) 
0.5 cm blood pulse display (>40 inil- 
sations/minute) 

Delay Before Sweep Free-runs 

2 to 4 s after last trigger 

HORIZONTAL & AUDIO 

Sweep Speed 

25, 50, lOOmm/s ±5% 

Battery Check Scale 

Green — Normal Operation 
Yellow — Recharge needed 

Operation not harmful to 
instrument 

Red — Do not operate 

Heart Rate Scale Accuracy 

±5% of reading (50mm/s range, 35 
to 110 beats/min) 



Audio 

Audio “Beep” at heart rate with alarm 
activated upon loss of signal 

POWER SOURCE 

Line Voltage 

90 V to 136 VAC 
180 V to 272 VAC 

Line Frequency 

48 1-Iz to 440 Hz 

Battery Operating Range 

11.9 V to 15.0 V 

AC Input Power 

<7 W at 115 V, 60FIz 

Battery Pack 

Ten Size “C” NiCd. cells; 1,8 Ah 

Chorging Time 

14 to 16 hours 

Discharge Time 

8 to 12 hours operation with mjiximum 
accessory load at +20° to +25° C 

OTHER 

Turn-on time 

<4 sec 

Warm-up time 

<10 sec 

CRT 

5" with P-7 phosphor 
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INTRODUCTION 

The Type 3T2 Random Sampling Sweep 
Unit provides a unique state of the art ad- 
vancement in measurement capability. It 
permits observation of the leading edge or 
other portions of the signal even when used 
with vertical units that have no delay lines 
and without a prefrig ger. 

The advantages of eliminating dela\' line 
or pretrigger application are evident ; 

1. The inherent distortions and risetime 
limitations of signal delay lines are elimi- 
nated. 

2. It is no longer necessary to work into 
the 50-R characteristic impedance of a dela}’ 
line, so that direct sampling probes may be 
used for convenient high-impedance in- 
circuit signal pickup. 

3. Trigger ma}' occur prior to, coincident 
with, or after the disphu-'ed signal without 
sacrificing lead time in the display. 

4. Signals with no convenient source of 
a stable pretrigger can be observed without 
display jitter. 



HOV\/ RANDOM SAMPLIIMG WORKS 

In the following explanation of the prin- 
ciples of the Random Sampling process, 
(how it is used in Tektronix Type 3T2 
Plug-in Unit) an understanding of conven- 
tional sampling is advantageous. 

The Random Sampling process is com- 



posed of two basic operations : 

1. Originating the sample pulses randomly 
distributed in a time window around the part 
of the signal to Ik displayed. 

2. Constructing a pulse display by deriving 
two analog signals, representing X and Y 
coordinates, from a series of those samples. 
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ORIGINATING THE SAMPLE PULSES 

To find the right time for originating the 
saini)les a “Trigger Rate Meter” is used, 
which measures the trigger repetition rale. 
This rate meter gets its input from the trig- 
ger recognizer and holdoff circuit. On the 
basis of several sequential trigger rate meas- 
urements, the rate meter starts a negative 
going signal (slewing ramp) which gener- 
ates samples within the time window. The 
start time of this slewing ramp is before 
the next trigger signal (AT) and is a fore- 



cast resulting from the previous trigger- 
rate measurements. So it can be seen that 
the start time of the slewing ramp is not 
in a fixed time relation to the next trigger 
signal, but more the “best guess” of the 
rate meter. 

The display thus becomes a random sam- 
pling display l>ecause of the inability of the 
rate meter to make a perfect “guess” of 
when to talce a sample. 

The rate meter provides maximum dis- 
play dot density by gathering the samples 




around just that section of the waveform 
that is used for the CRT display (see Fig. 
2). This time window can be a very small 
portion of the total signal period. The 
samples which fall outside the time window 
do not have any contribution to the display 
construction and are kept as few as possible. 

Error Correction 

If too many samples fall outside the time 
window, on either one side or the other, a 
correction of the rate meter “guess” has to 
l)e made. The principle of that correction is 
based on a comparison (dot position compar- 
ator) of the horizontal signal with the stair- 
case signal. An error signal is generated 
when the horizontal signal does not track 
along with the staircase on a basis of an 
average of many samples. The error signal 
adjusts the rate meter to make a better 
“guess” or forecast for the next start of the 
slewing ramp. Fig 3 shows the correction 
loop. 

CONSTRUCTING A PULSE DISPLAY 

In order to be displayed, a sample must 
have a particular time relationship to the 
sampled pulse. The rate meter has tried 
to place each sample within the time wnndow^ 
If a sample does occur in this time window, 
a dot is displayed on the CRT. 

The “Y” or vertical coordinate of a sam- 
ple is obtained by the same saraple-and-hold 
process used in a conventional sampling os- 
cilloscope. The “X”, or horizontal, coor- 
dinate of the sample is obtained differently, 
however, and this process is illustrated in 
Figure 4. 
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As shown, five randomly placed samples 
are taken of the signal. It must be kept 
in mind that these five samples are taken 
on SUCCESSIVE repetitions of the signal. 
They are random samples in the “best 
guess” time window. 

The y-component, ey, of the first sample 
is held and subsequently used to position 
the CRT spot vertically. The sampling 
command which took the first sample is then 
delayed by a fixed interval as indicated 
in Figure 4c. This delayed sampling com- 



mand V is used to sample a timing ramp 
which was started by trigger recognition 
along the input signal at t«. The resulting 
sample e^ is held and subseciuently used to 
position the CRT spot horizontally. 

By this same process subsequent samples 
supply both vertical and horizontal infor- 
mation to deflect the CRT beam from dot 
to dot thus constructing a display of the 
signal from those samples which fall within 
the time window. 

Some reflection will show that as the 
fixed interval r is increased, more lead time 



will appear in the display. It should be 
clear that such an increase in r for more 
lead time will also require a time shift of the 
sampling distribution to the left in Figure 
4b (i.e. earlier in time) in order that the 
required information be collected for the 
display. 

Figure 3 shows a complete operational 
block diagram of the random sampling os- 
cilloscope including those portions which 
control the distribution of samples across 
the time window. 



CHARACTERISTICS 

SWEEP TIME/DIV 

lOO/is/div to 200 ps/div^ 1-2-5 se- 
quence, extending to 20 ps/div with XI 0 
DISPLAY MAGNIFIER. Basic accuracy 
without XI 0 magnifier, ±3%; with mag- 
nifier, ±5%. TIME/DIV is a resultant of 
the combined settings of TIME POSITION 
RANGE, TIME MAGNIFIER, and DISPLAY 
MAG. The sweep rate is displayed (digi- 
tally) in the TIME/DIV "window” for ail 
combinations of these controls. 

TIME POSITION RANGE 

100 ns, 1 fjLs, 10 /is, 100 /is, and 1 ms. 
TIME POSITION and FINE variable con- 
trols position start of the display through 



a time scale equal to TIME POSITION 
RANGE setting. 

SAMPLES/DIV 

Continuously variable adjustment of sam- 
ples displayed per horizontal division from 
approx 5 samples/div to an immeasurable 
number of samples/div. 

An internal switch, CALIBRATED SAM- 
PLES/DIV, disables the front-panel SAM- 
PLES/DIV control and converts to 100 
samples/div, calibrated, for use in Digital 
Oscilloscopes. 

START POINT 

Two-position switch (concentric with TIME 
POSITION RANGE switch) selects either 
random sampling (BEFORE TRIGGER) or 



conventional, sequentially-stepped sam- 
pling (WITH TRIGGER). 

In BEFORE TRIGGER mode, the displayed 
"time window" may be positioned in 
time up to one-half times the TIME POSI- 
TION RANGE setting ahead of the trigger. 
This provides a base line up to 5 divisions 
long before the leading edge of the pulse 
to be viewed. 

TRIGGER JITTER 

Depends on signal shape, repetition rate, 
triggering mode. May be as low as 30 ps 
under optimum conditions. 
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P6042 BC»to»5©MHz mWBMil PROB 



by Cal Hongel 




INTRODUCTION 

Current probes have become increasing^' 
useful and popular with the expanding use 
of semiconductor devices which are current 
sensing devices (current amplifiers). A 
new current probe has just been developed 
at Tektronix that provides unique measure- 
ment capabilities. 

Utilizing the Hall -effect plus AC current 
probe technology (P6019/P6020) , the P6042 
DC- to -50 MPIz current probe can be used 
simultaneously for both high-frequency and 
direct -current measurements. AC signals 
with DC components can be displayed on 
an oscilloscope with true waveform presen- 
tation. The probe is particularly useful for 
evaluating the performance of semi-con- 
ductor circuits where a wide range of param- 
eters exist. Fast switching transients, low- 
frequency response, and DC level can all 
be displaj'ed simultaneously (Figure 1). The 
P6042 can also be used to measure the 
sums or differences of currents in separate 
wires. When the probe is clipped around 
two wires carrying current in the same di- 
rection, the sum is displayed ; around two 
wires carrying current in the opposite di- 
rection, the difference is displayed. For 
increased sensitivity the wire can be looped 
through the probe several times increasing 
the sensitivity by the number of loops. 

The probe is easy to use. The conductor 
is simply placed into the slot of the probe 
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and the spring loaded slide closed ... no 
need to break the circuit under test. Meas- 
urements can be made only when the prol)e 
is in the locked position (push slide forward 
to lock). A warning light on the front 
panel indicates when the slide is in the un- 
locked position. A compartment is pro- 
vided in the front panel for convenient stor- 
age of the probe when the system is not in 
use and an inter- lock is provided in this 
compartment for degaussing the probe. The 
probe can be degaussed only when in the 
compartment to prevent possible damage to 
the circuit under test. 




Fig 1. Double exposure photograph using 
the P6042 and a Type 547/ 1A5 Oscillo- 
scope to display the current characteristics 
of a small DC motor. Lower display shows 
the zero current level, starting current, and 
running current. Current/div setting is 0.2 
A/div with a sweep rate of 50 ms/cm. In 
the upper display, the sweep rate is in- 
creased to 5 ms/cm to show the current 
change as the commutator bars pass the 
brushes. 



DESIGN CONCEPTS 

The P6042 Current Probe includes a 
sliding-core type probe and associated am- 
plifier as shown in Figure 2. The probe 
contains a stationary core around which 
is wound a 50-turn secondary, a moveable 
core which slides over the end of the sta- 
tionary core and the current-carrying con- 
ductor, and a liall voltage device. The 
amplifier houses the power supplies, low- 
frequency amplifiers, attenuators and the 
output amplifier. 

High Frequency 

High-frequency measurements are made 
in the same manner as in an AC current 
probe. The AC current probe is basically 
a transformer. The current-carrying con- 
ductor forms a one -turn primary winding 
for the transformer ; the windings in the 
probe around the core form the 50-turn 
secondai*}' winding. The relationship be- 
tween the current, voltage and turns is 
shown below : 

NpTp = Ns Is 

For a one- turn primary. 

Ip = Ns Is 

Then for a 50- turn secondary', 








The secondary voltage is 
Es = L Rs 

R. is 50 0, so Es = (SO R) 

or Es = Ip (^2) 

For AC signals the voltage output of the 
current probe into the secondary load (Rs) 
is 1 mV per mA of input current. 

DC and Low Frequency 

The heart of the DC measurement capa- 
bility is a highly- sen si live Hall device de- 
veloped by the Tektronix Integrated Cir- 
cuit Department. The Hall device is located 
in a cross section of the ferrite core con- 
tained in the probe head. At the point 
where the AC response of the core becomes 
ineffective due to the low-frequency L/R 
time constant of the core, the back EMF of 
the secondary no longer cancels the flux 
generated in the core by the primary cur- 
rent. The flux remaining in the core (pri- 
marily flux due to DC and low-frequency 
current) passes through the Hall device 
generating a small voltage directly related 
to the applied field. Figure 3 shows the 
current, voltage, and flux relationship of 
a Hall device. 

The Hall device voltage (about 50 /iV 
per mA of applied current) is amplified bj- 
the operational amplifier (A-1) and applied 
to the 50-turn secondary, to cancel the re- 
maining flux in the core. Most of the flux 
in the core is cancelled either b}’ the back 
EMF of the secondary or by feedback from 
the operational amplifier. As a result, the 
non-linearity of the core does not affect 
accuracy, nor does it directly limit maximum 
current handling ability. At DC and low 
frequencies, the operational amplifier sup- 
plies an output across the secondary load 
(Rs) of 1 mV per mA of primary current. 

The maximum input current is related to 
the current handling ability of the opera- 
tional amplifier. To handle d: 10 A in the 
primary, the amplifier (A-1) must supply 

10 A X to the 50- turn secondary to 
50 

cancel the flux at DC and to supply ± 
200 mA across Rs. 

Attenuator and Output Amplifier 

The current induced in the secondary by 
the primary (at high frequency) and the 
current applied to the secondary at low f re- 
queue}^ by amplifier (A-1), produces a 
voltage across the secondary load that is 
directly related to the input current. The 
adding of the low-frequency signal to the 
high-frequency signal is done in such a way 
as to force one to take over where the 
other leaves off (see Figure 4). This is 
commonly known as a forced complement 
system. 

The sensitivity at this point is 1 mV out- 
put for a 1 mA of primary current (input 
current). The 50-S2 secondary load is in 
the form of a 50- S2 attenuator that provides 
attenuation of up to lOOOX (1 A/div) in 
10 steps with a 1-2-5 sequence. The signal 








Fig 3 . Hall device. 



The Hall device is a thin rectangular sheet 
of semiconductor material sandwiched in the 
stationary portion of the transformer core. 
The Hall effect is a voltage generated across 
opposite edges of a current carrying conduc- 
tor placed in the magnetic field. 

The basis for the effect is the lorentz 
force which is the deflection of charged 
particles moving in a magnetic field. The 
force is both perpendicular to the direction 
of the particle (current) flow and the direc- 
tion of the magnetic field. 

Equation follows: 

Ella 11 ~ wRii J sin 9I) 

Ella 11 — voltage from Hall device 
w ~ width of Hall element 

Rii — Hall coefficient 

J rzz current density 

^ HZ field strength 




from the 50-12 attenuator is applied to a 
50X DC-to-50 MHz output amplifier. The 
output amplifier .supplies an output of 50 
mV per mA of primary current or 1 mA/ 
div with the oscilloscope deflection set at 
50 mV/div. 

The P6042 output amplifier has an out- 
put impedance of 50^2. A 50-S2 termination 
is supplied with the P6042 probe for use 
with oscilloscopes having 1-M12 inputs. 

CIRCUIT LOADING 

All probes load the circuit under test in 
one form or another. Voltage probes have 
input capacitance and DC resistance. Cur- 



rent probes load in a different manner. They 
have an insertion impedance due to the sec- 
ondary load being reflected into the primary 
and very low- capacitive loading. 



Reflected Load 

The secondary inductance and load re- 
sistance is reflected through the turns ratio 
squared and appears as a series load in the 
primary (current-carrying conductor). Cal- 
culations of the typical reflected loading of 
P6042 current probe is shown below: 



Rp 



Rs 

T- 

Ls 



_50 5_ 
(50)^ 



™ 0.02 S2 



0.5 mH 



0.2 jiiH 
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Shield Inductance 

Another factor affecting circuit loading 
is the reflection of the current probe shield 
into the current carrying conductor. The 
shield appears as a shorted turn around the 
conductor. Leakage inductance also appears 
in series with the primary. 

Stray Capacitance 

The only other factor involved with cir- 
cuit loading is the stra}’ capacitance be- 
tween the probe and the conductor. This 
capacitance depends on the size of the cur- 
rent carrying conductor and its position in 
the hole. It is typically 1 pF and can be 
measured using a Type 130 LC Meter. As 
with voltage probes, stray capacitance can 
limit the risetime of the measurement (Trise 
“ 2.2 Rsource Cstrays). By inserting the 
current probe on the ground or B-j- side 
of the load resistor the stray capacitance 
loading can be reduced. 

The total insertion impedance can best be 
represented by the graph in figure 5. 

PROBE DEGAUSSING 

Whenever a magnetic field is applied to 
the transformer core in the probe with the 
system turned off, or if a current beyond 
the maximum specified level is applied, the 
core may become magnetized. A portion 
of this magnetic flux is likely to remain in 
the current probe core causing measurement 
errors. To remove this flux the probe is 
placed in the storage compartment and the 
degaussing switch is depressed. The de- 
gaussing switch connects the 50-turn sec- 
ondary winding to an oscillator as shown 
in Figure 6. The oscillator produces a 10- 
kFIz exponentially decreasing sinewave 
wdiich initially saturates the core. The de- 
caying current eliminates stored flux due 
to core hysteresis. 

An interlock switch for the degaussing 
oscillator is provided in the probe storage 
compartment. The .swatch eliminates any 
possibility of introducing transformed cur- 
rent from the oscillator into the test cir- 
cuit. The compartment, accessible from the 
front panel, provides convenient storage for 
the probe when not in use. 





CHARACTERISTICS 

Probe and Amplifier 

SENSITIVITY is 1 mA/div to 1 A/div in 
10 calibrated steps, 1-2-5 sequence, accu- 
rate within 3% (with an oscilloscope de- 
flection factor of 50mV/div). 

BANDWIDTH is DC to 50 MHz at 3-dB 
down. 

RISETIME is 7 ns or less. 

DYNAMIC RANGE is + and — 10 divi- 
sions of display. 

NOISE (periodic and random deviation) 
is 0.5 mA or less plus 0.2 or less major 
divisions of display. Random trace shift 
is 1 .5 mA or less. 



THERMAL DRIFT is 2 mA/°C or less, plus 
0.2 or less major division of display per °C. 

MAXIMUM INPUT CURRENT is 10 A (DC 
plus Peak AC).* 

*Peak-to-peak current derating is necessary for 
CW frequencies higher than 2 MHz. At 50 
MHz, the maximum allowable current is 2 A. 

MAXIMUM INPUT VOLTAGE is 600 V (DC 
plus Peak AC). 

OUTPUT IMPEDANCE is 50 12 through a 
BNC-type connector. A 50-12 termination is 
supplied with the probe for use with 1 - 
megohm systems. 

AMPLIFIER POWER REQUIREMENT is ap- 
proximately low, 50 Hz to 400 Hz. Quick- 
change line-voltage selector permits opera- 
tion from 90 V to 1 36 V or 1 80 V to 272 V. 



DIMENSIONS AND WEIGHT of the ampli- 
fier ore 4 y 2 in. (11.4cm) high by 7 V 2 in. 
(19.2 cm) wide by 93^ in. (24.8 cm) deep; 
6 V 2 lbs. (3.1 kg). 

PROBE CABLE is 6 feet long, permanently 
connected between the probe head and 
amplifier. 

P6042 DC CURRENT PROBE PACKAGE 
(010-0207-00) 

Includes: 50 - 9 . BNC coble (012-0057- 
01); 50-12 BNC termination (011-0049- 
00); 3-inch ground lead ( 1 75-0263-00) ; 
5-inch ground lead ( 1 75-01 24-00 ) ; two 
alligator clips (344-0046-00) ; 3-wire to 
2-wire adopter (103-0013-00); instruc- 
tion manual (070-0629-00). 
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TYPE 454 OSCILLOSCOPE 



INTRODUCTION 

The P6046 Differential Probe and P6046 
Amplifier Unit provides new measurement 
capabilities when used with all Tektronix 
oscilloscopes. With this new probe system, 
the differential - signal processing takes 
place in the probe itself, resulting in high 
common-mode signal rejection at higher 
frequencies. Differential probe -tip signal 
processing minimizes the measurement errors 
caused by differences in probes, cable 
lengths, and input attenuators. In addition, 
the wide -band capability of the P6046 Probe 
and Amplifier provides DC-to-100 MPIz 
single-ended measurement performance. 

The P6046 probe circuitry utilizes 13 semi- 
conductors including dual FET’s for the bal- 
anced input. A switch on the probe selects 
AC or DC input coupling. Accessories in- 
clude a plug-on lOX attenuator for increas- 
ing the differential input voltage range, and 
a ground lip for applications requiring 
single-ended input. Unique swivel tips pro- 
vide variable spacing to accommodate the 
varying distance between test points. 




Fig 1. High-frequency differential measure- 
ment. 



The P6046 Amplifier mounts conveniently 
on the side of the oscilloscope and features 
a calibrated ImV/div to 200mV/div (2 V/ 
div with lOX attenuator) deflection factor 
(oscilloscope deflection factor set at 10 mV/ 
div). Output impedance of the amplifier is 
50 J2. A 50-11 cable and termination is sup- 
plied with the amplifier for use with 1-M12 
systems. 



The primary use of differential amplifiers 
is to measure the signal difference between 
two points that need not be referenced to 
ground. 

An oscilloscope differential amplifier is a 
device that amplifies and displays the volt- 
age difference that exists at every instant 
between signals applied to its two inputs. 
For ex'ample, two pulses that differ in both 
amplitude and coincidence that are applied to 
a differential amplifier will cause the oscil- 
loscope display to be a complex waveform 
that represents the instantaneous difference 
between the tw^o pulses. On the other hand, 
two signals that are identical in every 
respect will cause no output on the CRT 
screen (limitations to this statement will be 
described under Common-Mode Rejection). 

The amount of difference signal due to 
common -mode signal that one can expect 
from a particular differential amplifier is 
specified b)- the common-mode rejection 
ratio (CMRR). This ratio and associated 
terms are defined as follows : 

Common-Mode Signal — The instantane- 
ous algebraic average of two signals ap- 
plied to a balanced circuit, all signals re- 
ferred to a common reference. 

Common-Mode Rejection — The ability of 
a differential amplifier to reject common- 
mode signals. 

Common-Mode Rejection Ratio (CMRR) 

— The ratio of the deflection factor tor a 
common-mode signal to the deflection 
factor for a differential signal. 

Differential Signal — The instantaneous, 
algebraic difference between two signals. 

Measurements made with a differential 
amplifier should contain an allowance for 
the output voltage that is due to a common- 
mode signal. For example, if an amplifier 
with a CAIRR of 1,000:1 is used to measure 
the difference between two similar five- volt 
signals, the output seen on the oscilloscope 
screen is the result of two voltages : ( 1 ) the 
actual difference between the input signals, 
and (2) the difference voltage that results 
from the common -mode signal. Because of 
this combination, the actual difference volt- 
age cannot be exactly measured. Therefore, 
the voltage measured on the CRT screen 
should include a tolerance that is equal to 
the computed, or measured output voltage 
due to the comm on -mode signal. 

In the above example, CMRR of 1,000:1 
with a common-mode signal of 5 V, if a 
difference signal of 0.015 V is measured 
on the CRT, it should be recorded as 0.015 V 
±0.005 V. 

MEASUREMENT PROBLEMS 

The major difficulty in making differ- 
ential measurements is in connecting the 
signal source to the measuring device. 
Measurement errors can be caused by differ- 
ences in probes, cable lengths, and input 
attenuators. 
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Probes 

Attenuator probes extend the usable volt- 
age range of a differential amplifier by 
reducing the input signals to a level that is 
below the maximum common -mode linear 
dynamic range. In doing this, however, the 
I) robes may cause a reduction in the appar- 
ent CMRR due to component value differ- 
ences within the probes. For example, 
Figure 2 illustrates the change in CMRR 
(apparent) due to XI 0 probes that have a 
1, 2, and 3% difference in their attenuation 
value. Bear in mind tliat the reduction in 
apparent CMRR can also be caused by dif- 
ferent values of the signal source resistance. 

Cable Length 

Probes and cables of different lengths 
may introduce enough signal delay between 
them to cause a difference voltage at the 
input to the amplifier. At 50 MFIz, an 0.1- 
inch difference in cable length Avill reduce 
the CMRR from 1,000:1 to 250:1. Also an 
inductance difference due to a %-mch. dif- 
ference of lead length at 50 MHz can 
reduce the CMRR from 1,000:1 to 400:1. 
Processing the differential signal in the 
probe reduces these problems. 

Input Attenuators 

To minimize measurement errors due 
to input attenuators, the P6046 Probe and 
Amplifier provides attenuation by reducing 
the differential gain and common-mode gain 
within the amplifier. High-frequency com- 
mon-mode rejection is difficult to obtain 
when using input attenuators. This is due 
to the stray capacitance that is distributed 
along the resistor length resulting in an 
infinite number of RC time constants that 
cannot be compensated for over a wide 
frequency range. 

The dual lOX attenuator head included 
with the P6046 is calibrated with the P6046 
to provide maximum CMRR. The attenua- 
tor head is keyed with the probe so that the 
-j- and — inputs are always matched. The 
attenuator head should be used only when 
necessary as it will reduce the CMRR at 
50 MHz from 1,000:1 to ;:r50:l. 
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Source Impedance 

As the signal source impedance increases, 
the common -mode measurement problems 
increase. If the source impedance of the 
two signals to be measured is different, the 
CMRR will change due to the different 
ratios between the source impedance and 
the input impedance. At high frequencies 
an increase of .source impedance will mag- 
nify the problems of CMRR measurements 
due to a mismatcii of stz'ay capacit 3 ^ 

DESIGN CONCEPT 

The design objective was to develop a 
system that would overcome most of the 
differential measurement problems of high 
frequency differential amplifiers. The solu- 
tion was to process the differential signal 
at the signal source, thereby eliminating 
most of tlie problems caused b}- probes, 
cable length and input attenuators. It was 
also necessary to obtain good common -mode 
rejection for high-frequencies of reasonable 
voltage levels. These capabilities had to be 
built into a reasonabh' small and convenient- 
to-use probe. 

P6046 Probe 

In order to obtain high common -mode 
rejection ratios at higher frequency, the 
design is a departure from conventional 
input sj^stems using emitter followers, 
bootstrapped for all frequencies into the dif- 
ferential comparator. This approach is lim- 
ited at high frequencies by the bootstrap 
system. 



The input comparator of the P6046 rejects 
the common -mode signals directly without 
using an emitter-follower input stage. The 
thermal time constants of the dual FET’s 
limits the low-frequency CMRR. To elimi- 
nate these problems, the input comparator is 
bootstrapped only for low frequencies (DC- 
to-lOOkl-Iz). 

The in put- com pa rat or FET’s operate with 
a gain of 0.4. This low gain permits a 
larger differential dynamic range and a 
wider bandwidth. An amplifier in the probe 
restores the probe gain to unity. The probe 
has one differential attenuator circuit that 
is controlled from the amplifier and re- 
duces the differential gain and common- 
mode gain to 1/10, 

P6046 Amplifier 

Gain changing and converting from a dif- 
ferential-signal to single-ended operation is 
accomplished in the P6046 Amplifier. Gain 
changing in the P6046 Amplifier eliminates 
the differential measurement problems asso- 
ciated with input attenuators. 

The P6046 Amplifier has a gain of 10 and 
features a calibrated 1 mV/div to 200 mV/ 
div deflection factor (with oscilloscope de- 
flection factor set at lOmV/div). 

The output impedance of the amplifier is 
50 U. A SO-U termination is supplied with 
the P6046 Amplifier for use with oscillo- 
scopes having 1-Mf2 input impedances. 




Fig 3. CMRR vs frequency with capacitance mismatch and different source impedances. 






MECHANICAL DESIGN 

Mechanically, the P6046 probe is made 
as rugged as possible without sacrificing 
I>erformance or usability. Thirteen semi- 
conductors, including dual FET’s for the 
) balanced input, are housed in the P6046 
probe. 

The body of tlie probe is made of high- 
impact plastic, plating grade. The inside of 
the body is plated with a low-resistance 
material that provides an excellent ground 
plane and electrostatic shield from outside 
radiation. 

Several probe tips have been designed for 
the P6046 probe. The probe-tip input con- 
nectors are mounted on ]!^-inch centers and 
are designed to mate with coaxial connectors 
permanently mounted on circuit boards. The 



CHARACTERISTICS 

Probe and Amplifier 

DEFLECTION FACTOR is 1 mV/div to 200 
mV/div in 8 calibrated steps, 1-2-5 se- 
quence, accurate within 3 % (with an oscil- 
loscope deflection factor of lOmV/div). 

BANDWIDTH is DC-to-lOOMHz at 3-dB 
down. 

RISETIME is 3.5 ns or less. 

COMMON - MODE REJECTION RATIOS 
with deflection factors of 1 mV/div to 20 
mV/div are 10,000:1 at DC, 1,000:1 at 
50 MHz, and typically 100:1 at 100 MHz. 

COMMON -MODE LINEAR DYNAMIC 
RANGE is ±5V (DC + peak AC), ± 50 V 
with 1 OX attenuator. 

INPUT RC is 1 Mf2 paralleled by approxi- 
mately 1 0 pF. 

INPUT COUPLING is AC or DC, selected 
by a switch on the probe, low-frequency 



I>ermanent connectors provide excellent 
ground and signal connection and should be 
used whenever possible. 

When it is not convenient to use the 
permanent coaxial connectors, a number of 
special tips are included. For making meas- 
urements from test points that are not 
spaced ^ 2 -inch apart, swivel tips are in- 
cluded that provide variable spacing from 
3/16 inch to 154 inches. See Figure 4. 

Also included is a ground tip that shorts 
one of the input tips to the coaxial ground 
for single-ended measvirements, hooked tips 
for hanging the probe into circuits, and 
sleeve- type adapters for insulating the tip’s 
coaxial ground. The dual lOX attenuator 
head included with the P6046 probe has the 
same tip configuration as the probe. 



response AC-coupled is 3-dB down at 20 Hz, 
at 2 Hz with 1 OX attenuator. 

NOISE (periodic and random deviation) 
referred to the input is 280 /iV or less. 

MAXIMUM INPUT VOLTAGE is ±25V 
(DC ~|- peak AC), 250 V with lOX atten- 
uator. 

OUTPUT IMPEDANCE is 50 9 . through a 
BNC-type connector. A 50-L2 termination is 
supplied with the probe for use with 1 -meg- 
ohm systems. 

LINEAR OUTPUT is ± 1 0 div with the 

oscilloscope set at lOmV/div. 

PROBE CABLE is 6-feet long, terminated 
with a special nine-pin connector. 

P6046 DIFFERENTIAL PROBE AND AMPLIFIER 

(010-0106-00) 

Includes P6046 Probe (010-0214-00); 

Amplifier for P6046; 50-J2 BNC cable 

(012-0076-01); 50-9 BNC termination 




(011-0049-00); dual 1 OX attenuator 
head (010-0361-00); four swivel-tip as- 
semblies (010-0362-00); special ground 
tips (010-0363-00); 5-inch ground lead 
( 1 75-01 24-00) ; 12-inch ground lead 
( 1 75-01 25-00) ; two alligator clips (344- 
0046-00); two hook tips (206-01 14-00); 
two test jacks (131-0258-00); two in- 
sulating tubes (166-0404-00); two 
ground clips (214-0283-00); carrying 
case (016-0111-00); two instruction 
manuals (070-0756-00) . 

THE TYPE 1A5 DIFFERENTIAL PLUG-IN 
with the Type 530, 540, 550, 580-Series 
Oscilloscopes can use the P6046 Differential 
Probe without the P6046 Amplifier. The 
P6046 probe extends the Type 1A5 differen- 
tial measurement capabilities to 50 MHz, 
CMRR is 1,000:1 at 50 MHz. 

P6046 PROBE PACKAGE (010-0213-00) 



Printed in U.S.A. 
SICD 



X-2368 
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INTRODUCTION 

Color TV has caused Television Broadcast 
facilities to expand at a rapid rate. The 
resulting increase in the quantit}’ and com- 
plexity of studio equipment has created a 
need for more versatile, easier to use, meas- 
uring equipment. Oscilloscopes are exten- 
sively used in the TV Broadcast industry 
as program monitors to measure picture 
levels, as troubleshooting devices to isolate 
equipment malfunctions, and as a measure- 
ment tool to determine waveform compli- 
ance with FCC Standards. 

The studio operator now routinely veri- 
fies or adjusts a variety of parameters that 
were not required with black and white 
equipment ; burst phase, I, Q, burst level, 
color bar phase, luminance to chrominance 
level and others. 

In addition to the variety of color system 
setup requirements, greater emphasis is being 
placed on in-service monitoring of picture 
quality. Signal distortion limits which de- 
fine acceptable picture quality are well es- 
tablished. Suitable test signals have been 
developed to check distortion; i.e. NTSC 
Color Bar Test Signal, Linearity stair-step, 
etc. Using these standard test signals as 
reference values, quantitative measurements 



of picture quality are readily made. How- 
ever, certain signal distortions — particularly 
differential phase may be difficult to iden- 
{\(y or diagnose. 

NEW VECTORSCOPE 

A new Vector scope was developed, to 
assist the Broadcast Engineer and Tech- 
nician in making these color measurements. 
The new Tektronix 520 NTSC Vectorscope 
(Fig 1) was designed with emphasis as an 
“operating” instrument rather than a special 
test oscilloscope used only to identify or 
solve special video problems. 

The new oscilloscope is designated as a 
“vectorscope”, however, the addition of a 
luminance channel has extended the meas- 
urement versatility to include most of the 
routine checks required in a color camera 
chain. 

While measurement versatility is important 
when considering the purchase of any piece 
of equipment, ease of operation and long 
term reliability are equally important. 
Through special design efforts the Type 
520 Vectorscope provides the user with sta- 
ble drift-free displays at the touch of a 
button, without sacrificing measurement res- 
olution or accuracy. 



PUSH-BUTTON 
OPERATING CONVENIENCE 

The push-button operating controls are ar- 
ranged into two groups — one for signal se- 
lection and one for measurement display 
mode. All controls unnecessary for specific 
measurement are automatically disconnected 
from use to eliminate front -panel confusion. 
Controls such as the CRT display focus and 
positioning controls which require only 
periodic adjustment are located behind front- 
panel doors. 

Fig 2 shows the typical vector display of 
a 75% saturated color bar test signal. Note 
the sharply defined spots which permit in- 
creased phase-angle resolution, particularly 
useful for detecting phase jitter or very 
small phase errors. 

Fig 3 illustrates the comparison of two 
signals on a time- shared basis. Channel A 
is displayed for two scanning lines and 
channel B displayed on the next successive 
two scanning lines. The time-shared signals 
appear as if they were being displaj’ed 
on a dual-beam oscilloscope. The time dif- 
ference between the two input signals nor- 
mally causes a phase-angle displacement be- 
tween the two displays (Note Fig 3). This 
condition is normal and is due to subcarrier 
reference in the instrument being locked 
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to only one of the signals. By adding a sec- 
ond phase- control knob to the front panel 
and time sharing its operation with the first 
phase control, the burst of each input signal 
can be independently rotated to the X axis 
permitting an overlay of the vectors for 
direct comparison. For example, Fig 4 
illustrates the input and output waveforms 
of a distribution amplifier, with intentional 
distortion, applied to Channel A and Chan- 
nel B inputs respectively. Differential jdiase 
and differential gain can easily be seen to 
exist on the yellow, cyan and to a lesser ex- 
tent, the green, red and magenta vectors. 
Only slight differential phase is evidenced 
by the blue vector. While this illustration is 
somewhat severe, note that the differential 
gain is more severe than the differential 
phase — a valuable clue when determining the 
cause of the distortion, such as clamping 
failure in an amplifier. 



DIFFERENTIM GAM 
Am DIFFERENTIAL PHASE 

One of the more familiar applications 
of the vector scope is the measurement of 
differential phase and differential gain. The 
Type 520 Vectorscope provides these meas- 
urement capabilities quickly and accurately 
at the touch of a button. Fig 5 illustrates 
the Differential Gain operating mode using 
a modulated stairstep waveform. A dif- 
ferent graticule is used to measure dif- 
ferential gain than was used to make the 
measurement in Fig 4. The IRE Grati- 
cule and the parallax- free vector graticule 
are in place but each graticule is selectively 
illuminated when the button for the desired 
measurement is depressed. The one per- 
cent error on the tenth step (counting from 
left to right) is easily observed. 





Fig 2 — Vector display of 75% saturated color bar test signal 



Fig 4 — ^Vector display of input and output waveforms from a distri- 
bution amplifier 



Fig 3 — ^Vector display with channel A and B time-shared 




Fig 5 — Differential Gain display using a modulated stairstep wave- 
form 





When the d 4 > (differential phase) button 
is depressed, the display is automatically 
repositioned to the center of the CRT and 
the graticule illumination removed. The 
measurment is then taken from the calibrated 
phase shift dial and the CRT display now 
serves only as a null indicator. Since con- 
siderable amplifier gain is required to re- 
solve phase differences of 0.2 degree or 
less, small amounts of noise existing on 
either the applied signal or in the vector- 
scope will make display interpretation diffi- 
cult. Display interpretation is simplified 
alternately inverting the display to produce 
the mirror image observed in Fig 6. Any 
noise on the display (as evidence by a wide 
trace) can then be averaged out by simply 
adjusting the overlayed traces for minimum 
trace width. In Fig 6 each step has a phase 
transient in the middle amounting to about 
0.09 ^ 



NEW MEASUREMENT CAPABILITY 

The Type 520 Vectorscope utilizes the 
luminance portion of the composite color 
signal to permit measurement of the trans- 
formed red, green and blue picture values 
which normally appear at the picture tube 
of a color monitor. The Y (or M) 
luminance signal and the chrominance sig- 
nal are transformed at the receiver into 
red, green and blue picture components. 
Currently, the only means by which the 
transformation can be verified is by ob- 
serving the display from the color picture 
tube itself. Subjective evaluations of pic- 
ture quality made from color bars viewed 
directlj^ on a color monitor are influenced 
by several variables : 

1) Phosphor light output efficiency is 
reduced with age or usage. 

2) Color response of the human eye varies 



from viewer to viewer making con- 
sistent readings difficult. 

3) Picture monitor characteristcis may 
var3^ 

4) Small error differences between the 
luminance and chrominance waveform 
amplitudes are almost impossible to 
detect without using picture compari- 
son techniques. 

MEASURING Y, R, G, and B 

Measurement of the transformed signal 
is made by selecting one of four buttons 
labeled Y, R, G, B. These buttons corre- 
spond to luminance, red, green and blue 
video displays. 

When saturated colors (75% or 100%) 
are displayed on a picture monitor, the 
monitor electron guns are either on or 




Fig 6. Differential Phase measurement using a modulated stair-step 
signal. Dial reading A to dial reading B indicates 2.1° 
differential phase. 




Pig 7 — Red values of NTSC Color Bar Test Signal with magenta 
and red bars oversaturated 
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Pig 8 — Red values of the NTSC Color Bar Test Signal with luminance 
amplifier nonlinearity in the white region 






Fig 9 — Green values of NTSC Color Bar Test Signal 




Fig 10 — Blue values of NTSC Color Bar Test Signal 



off as primary and complementary colors 
are reproduced. During the primary color 
“Red”, for instance, the red gun is on and 
green and blue guns are off. The comple- 
mentary color of “Red” is “Cyan”, which 
is reproduced b 3 ^ the green and blue guns 
with the red gun held off. 

In Fig 7 the red (R) “image” is displayed 
on the vectorscope using the “standard” de- 
coded color bar signal. The colors are ar- 
ranged from the left of the display to the 
right in order of descending luminance — 
grey, yellow, cyan, green, magenta, red, 
and blue. Note that the magenta and red 
bars are over-saturated, however, the error 
is not easily detected by the eye on the pic- 
ture monitor because the error is not too 
large. Observing the vector display of the 
same signal in Fig 2 indicates that the 
chrominance portions of the encoded color 
bars are correct. Therefore the luminance 
levels for magenta and red must be incorrect 
— too high in this case. In this illustration, 
since onb^ two color bars are affected, the 
error is not due to non-linear luminance 
gain but simply because the luminance ped- 
estal levels of the color bar generator are 
incorrectly adjusted. 

Fig 8 shows the same display except 
that the luminance amplifier is non linear 
in the white region. The effect however, 
is not apparent on the grey and yellow bars 
but on the magenta, red and blue bars 
and is due to the luminance amplifier gain 
having been adjusted with a white pedestal. 

Fig 9 illustrates the green (G) display 
of the same waveform. Note the luminance 
distortion previously observed affects the 
green more seriously. Green should be 
off during the last three bars. While the 
slight presence of green during the red bar 
will cause the displayed red to appear orange 



to the e}^e (because red is a primar\^ color) 
the magenta error would be more difficult to 
detect in the reproduced picture. 

Fig 10 shows the blue picture display 
which is not as seriously affected by lumi- 
nance errors. 



SUMMARY OF 520 MTSC 

vECTOnscoPE mmhammes 

Push-button controls provide new operat- 
ing convenience and permit rapid selection 
of displa^^s for quick anabasis of television 
color signal characteristics. Amplitude cali- 
brated displays of chroma and luminance 
are assured with internal calibration test 
signals to verify amplifier accuracy. The 
luminance component of the composite color 
signal is derived for displaying separately 
or in combination with the red (R), green 
(G), or blue (B) components. 

Two 0° to 360° phase- shifters provide 
independent phase control of channel A 
and B, Phase differences caused by unequal 
signal paths are easily cancelled. A precision 
calibrated phase shifter with a range of 30°, 
spread over 30 inches of dial length pro- 
vides excellent resolution for making small 
phase angle measurements. Video cable 
lengths can be accurately matched for time 
delay at the color subcarrier frequency to 
less than 0.5° phase difference. Differential 
gain and differential phase measurement 
capabilities are provided with accuracies 
within 1% for gain and 0.2° for phase. 

A digital line selector permits the display 
of a single line Vertical Interval Test Sig- 
nal from a selected line of either field 1 
or field 2. 



A parallax- free vector graticule, or IRE 
graticule, is automatically selected and edge- 
lighted concurrent with operating mode se- 
lection. All silicon solid-state design provides 
long-term reliability and cool, quiet opera- 
tion. 

The Type 520 NTSC Vectorscope is 
available in electrically identical cabinet or 
rackmount models. 

A more complete description of this in- 
strument is found in the Tektronix New 
Products Catalog Supplement recently dis- 
tributed. 

TYPE 520 NTSC VECTORSCOPE $1850 
TYPE R520 RACKMOUNT $1850 

U.S. Sales Price FOB Beaverton, Oregon 
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INTRODUCTION 

The Type 564 Storage Oscilloscope, a 
measuring instrument, served as an excel- 
lent exploratory tool to determine the ad- 
vantages of bistable-storage cathode-ray 
tubes as computer readout devices. Sev- 
eral groups experimented with the bistable 
storage tube in this application and the 
results show that a bistable storage tube 
when used with the appropriate periphal 
equipment provides high -resolution, non- 
ref reshed, alpha-numeric and graphics dis- 
plays without flicker or fade, 

A sequence of events occurred as the 
computer market developed that contributed 
toward the development of .the bistable stor- 
age tube as a computer display device. 

(1) Computer usage was being discour- 
aged by man-to-machine interface problems, 
that is, a problem is submitted through a 
programmer, a misunderstanding is found 
after a period of time, the problem is re- 
submitted, etc. 

(2) Larger and faster computers were 
developed to help offset computation costs. 

6 



(3) Techniques to improve computer time 
utilization were developed. 

(4) Computer time-sharing appeared to 
be a solution to efficient use of computer 
time but because of in put -output limitations, 
many parallel or time- shared users are re- 
quired in order to keep the computer busy. 

(5) Time-sharing a central computer re- 
quires remote terminals convenient to the 
users. 

(6) The cost per remote terminal for 
time- sharing application must be sensibly 
low. 

(7) A major economic consideration of 
remote terminals is local memory cost, es- 
pecially if arbitrary format alpha-numeric 
and graphic capabilities are required. It is 
not economically wise to provide display 
refreshing from the computer memory, and 
even with a buffer memory the communica- 
tion link bandwidth may be too narrow to 
allow refreshing a display at above flicker 
rates, 

(8) For applications where flexible for- 
mat is required and large amounts of data 



are to be presented, the Tektronix simpli- 
fied direct-view bistable-storage CRT pro- 
vides an economic solution to the memory/ 
display problem. 

A NEED FOR NEW INSTRUMENTS 

The interested groups who experimented 
with the Type 564 Storage Oscilloscope 
as a computer remote- terminal readout de- 
vice were encouraged by the results obtained 
and indicated the need for an instrument 
optimized for computer display rather than 
measuring applications. Producing an in- 
strument specifically for computer readout 
purposes required different design objec- 
tives than those for measuring devices. 

(1) Writing-speed parameters could be 
traded off for more uniform and smaller 
spot size. 

(2) Plug-ins replaced with built-in am- 
plifiers resulting in a more compact unit. 

(3) The Z axis modified for "on-off” 
operation. 

(4) The CRT target modified for im- 
proved isolated stroke or dot appearance (a 
key contribution) . 




mW DISPLAY DEVICES 

The recently announced Types 601 and 
611 Storage Display Units were designed to 
be used as integral parts of computer remote 
terminals. When driven by the appropriate 
periphal equipment these units will present 
non- ref reshed displays of alpha-numerics 
and graphics without flicker or fade. 

The Type 601 and 611 are intended for 
individual use, not group viewing. The high 
resolution of the 601 and 611, require the 
viewer to sit fairly close to the instruments 
in order to resolve the displayed informa- 
tion. 

5-INCH STORAGE DISPLAY UNIT 

The Type 601 Storage Display Unit fea- 
tures a new, Tektronix developed, 5-inch 
bistable-storage display tube, providing clear, 
non-fading presentations. Resolution in an 
8-cm X 10-cm display area is 100 stored 
line pairs in the vertical axis and 125 stored 
line pairs in the horizontal axis providing an 
information capacity of about 400 alpha- 
nunierics. The information storage rate is 
100-thousand dots per second and time re- 
quired to erase the stored information is 
200 ms. All solid-state modular circuit de- 
sign insures long-term stable performance. 

The operating functions are remotely pro- 
grammable by simply grounding program 
lines at a rear-panel connector. Access to X, 
Y and Z inputs is through rear-panel BNC 
connectors or a remote program connector. 

11 -INCH STORAGE DISPLAY UNIT 

The Type 611 Storage Display Unit fea- 
tures an 11-inch magnetically deflected, 
bistable-storage display tube developed by 
Tektronix. This new storage tube offers 
high information density and excellent res- 
olution on a 21 -cm x 16.3-cm display screen. 
The information capacity of the Type 611 
is about 4000 alpha-numerics. Dot settling 
time is 3.5 /fs/cm plus 5 and dot writing 
time is 20 fis. The time required to erase 
and return to ready- to- write status is 0.5 
seconds. 

The operating functions are remotely pro- 
grammable through a rear-panel connector 
with access to X, Y and Z inputs through 
rear BNC connectors or the remote pro- 
gram connector. A “Write-Through Cur- 
sor” feature permits positioning the writing 
beam to any point on the display area with- 
out storing the cursor or destroying pre- 
viously stored information. Write through 
for alpha-numerics and graphics can be done 
by shortening the unblank pulse duration 
from the normal value of 9 fxs (Type 601) 
or 20 fis (Type 611). This mode of opera- 
tion is useful for manual graphics, with the 
aid of equipment like the Rand Tablet or 
with an SRI Mouse. An internal test signal 
provides a quick check of focus, storage 
and general performance status of the in- 
strument. 




Fig 1 — Block diagram of Type 611 pincushion and dynamic focus correction. 



SOME DESIGN CONSIDERATIONS 

Compatibility between the Types 601 and 
611 is maintained with regard to the input 
connectors and selection of common func- 
tions, such as erase. However there are 
differences which should be kept in mind. 
The Type 601 has ± 6 cm continuously 
variable position controls for X & Y, while 
the Type 611 has three position switches 
that permit the operator to select one of 
nine beam resting positions. Variable con- 
trols provide a ±10% range for small ad- 
justments of each position. The limited var- 
iable range was chosen because of the more 
stringent drift requirements of the Type 611. 
Both units have internal gain calibration ad- 
justments to set the full screen deflection 
voltage within 2% of 1 volt. Both units 
have provision for other less-sensitive de- 
flection factors. 

Trace alignment of the two instruments 
is different. The Type 611, using an elec- 
tromagnetrically-deflected tube, has an ex- 
ternal deflection yoke which may be rotated 
to align the traces; orthogonality is a func- 
tion of how well the yoke was manufactured. 
The larger screen requirement of the Type 
611 requires magnetic deflection through 
an angle of 70°, in order to keep the length 
of the instrument reasonable (the Type 611 
is about 20% longer than the Type 601). 
The wide magnetic deflection angle of the 
Type 611 CRT, together with the flat face- 
plate, requires correction to the deflection 
geometry, linearity and focus. Without go- 
ing into the mathematical details, it can be 
said that both pincushion and dynamic focus 
require squared deflection terms. Figure 1 
shows the block diagram. The squaring cir- 
cuit is a single FET. The multiplier is a 
differential pair driven from a current 
source. Thus with comparatively simple 
circuitry, the circuit generates the required 
X"Y and Y‘X for pincushion correction, and 
X" + for focus correction. The dynam- 



ic focus summing circuit gets its input from 
the multipliers, rather than the squaring 
circuits directly, because of the signal levels 
involved ; that is, the output of the multiplier 
is at a more convenient level than the squar- 
ing circuit. This combination of corrections 
appears to be new, and unexpectedly simple. 

The Type 601 with an electrostatically 
deflected tube has a unique method of cor- 
rection ; instead of the usual rotation coil, 
signals are independently mixed from the 
X and/or Y amplifiers into the Y and/or 
X amplifier, thus introducing tilt and/or 
slant as necessary to correct trace alignment 
and/or orthogonality. Because of this cross- 
mixing, the use of the Type 601 as a wave- 
form monitor should be restricted to appli- 
cations involving bandwidths below 100 kHz. 
The smaller deflection angle and lower res- 
olution requirement of the Type 601 make 
dynamic scan or focus corrections unnec- 
essary. 

SUMMARY 

The first instrument to use the Tektronix 
developed bistable storage tube was the Type 
564 Storage Oscilloscope, introduced in the 
spring of 1962. Since that time, the Type 
564 has found extensive use in a multiplic- 
ity of applications including information 
display. Early experiments with the Type 
564 as an information display device proved 
the validity of the concept and helped define 
new storage tube requirements ; the Type 
601 and 611 Storge Display Units are the 
first display instruments to employ these 
new storage tubes. 

A more complete description of these new 
instruments is found in the Tektronix New 
Products Catalog Supplement recently dis- 
tributed. 

Type 601 Storage Display Unit . . $1050 
Type 611 Storage Display Unit .. $2500 
U.S. Sales Prices FOB Beaverfon, Oregon 
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Frequency Domain Stability Measurements 



Reprinted courtesy of Horizon House — M/crowave, Inc. 

Spectrum Analyzer Techniques 

for Frequency Stability Measurements 



The objectives of this paper are: to 

examine the presently available techniques 
of frequency stability measurement in the 
frequency domain, i.e., by the use of 
spectrum analyzers; to examine some of 
the advantages and limitations of spectrum 
analyzers for this application and to pre- 
sent examples of typical measurements. 

INTRODUCTION 

Designers of microwave instruments are 
interested in measuring and specifying the 
frequency stability associated with their 
equipment. Stabilities on the order of 0.1 
to 10 P/M are usually sufficient for the 
majority of commercial instruments, such 
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Morr/s Engleson and Gene Kaufman^ Tek- 
tronix Project Engineers confer over a Type 
491 Spectrum Analyzer. 



as signal generators and receivers. We 
shall, therefore, concentrate on this small 
range of measurements. 

The questions we shall examine are: 

1. How does one differentiate between 
long-term and short-term stability? 
This question can be considered from 
several viewpoints, a) Does a specific 
change have to occur in seconds, in 
milliseconds or in microseconds to be 
considered short-term? b) How short 
does the measurement time have to 
be (again, in seconds, in milliseconds, 
or in microseconds) in order for the 
phenomenon to be measured to be 
considered short term? 

2. How does one measure frequency 
stability? This question too has sev- 
eral facets, a) What instrumentation 
should one use; counters, frequency 
deviation meters, spectrum analyzers, 
etc? b) Should the measurement be 
made in time domain (i.e., P/M 
or frequency domain (i.e., spectrum 
width) ? 

Frequency stability measurement tech- 
niques in time domain by means of a fre- 
quency counter are well known in the in- 
dustry. This technique has the advantage 
of simplicity, ease of operation, and the 
capability of making measurements on 
highly stable oscillators (i.e., better than 
one part in 10”). Frequency stability meas- 
urement techniques in frequency domain 
by means of spectrum analyzers, on the 
other hand, are not too well known. This 
technique permits many measurements 
(such as that of signal purity; i.e., non- 
coherent sidebands or AM as opposed to 
FM) which cannot be performed with a 
counter. We shall concentrate on these 
measurements and show in which respects 
the spectrum analyzer is superior to the 
counter. This is not to imply that the 
counter does not have its place or that the 
counter is not superior to the spectrum 
analyzers in many areas of frequency 
measurement. 



DEFINITIONS 

There are at least two acceptable ways 
of specifying oscillator stability. One de- 
scribes the phenomena in time domain, the 
other in frequency domain. The question 
of how to characterize (time or frequency 
domain) any particular signal is almost 
impossible to answer. However, one can 
arrive at a reasonable compromise by con- 
verging on the subject from both ends, i.e., 
starting with signals that are definitely in 
one or the other category. 

It is quite obvious that two or more CW 
signals coexisting simultaneously side by 
side can be characterized most meaning- 
fully in the frequency domain. By the same 
token, to characterize the drift of an ex- 
tremely stable CW signal, such as a fre- 
quency standard, in terms of spectral dis- 
tribution is inconvenient. Other signals are 
more difficult to characterize. Thus, an 
FM signal can certainly be legitimately 
described by a carrier and sidebands. Yet, 
as the FM rate gets smaller, the FM signal 
approaches slowly drifting CW; under such 
circumstances it should logically be de- 
scribed in time domain. 

As another example, consider a pulsed 
RF signal, such as encountered in radar 
or a squ egging oscillator. Radar pulses 
are nearly always described by a spectral 
distribution in the frequency domain. Yet, 
surely as the pulse width gets wider and 
the pulse repetition rate lower, a point is 
reached where a description in frequency 
domain is not generally useful. Therefore, 
it appears that arbitrary standards without 
regard to the measurement technique or 
application are not helpful. 

It seems the best description, whether 
frequency or time domain, should be de- 
pendent on the characteristics of the meas- 
urement device or application. Experi- 
mental experience indicates that as long 
as the frequency changes in the device 
under discussion occur in a time interval 
one-fifth to one-tenth of the basic time 
constant of the associated equipment, one 



cannot differentiate between simultaneously 
coexisting signals and a single signal whose 
frequency is changing with time. On the 
other hand, when the instabilities in the 
device under test occur in a time interval 
of the same order of magnitude as the time 
constant of the associated equipment it 
becomes quite obvious that things are hap- 
pening as a function of time. Thus, a good 
demarcation line for the two methods of 
describing frequency stability might be: 

1. Frequency domain for phenomena 
that occur faster than one-fifth of the 
basic time constant of the end use 
contemplated. 

2. Time domain for phenomena that 
occur at a slower rate than one-fifth 
of the basic time constants of the 
associated equipment. 

Similarly, to our way of thinking, the 
required measurement time and/or the 
time for a particular frequency change to 
occur in an oscillator must be individually 
redefined for each application. We know 
of no satisfactory practical definition with- 
out recourse to an application or measure- 
ment technique. Thus, those phenomena 
which occur faster than some basic time 
interval (e.g., detector time constant in a 
receiver) of the measurement instrument, 
or instrument in which the oscillator is to 
be used, can be considered as short term. 

Phenomena which take a longer time 
interval to occur than the basic instrument 
interval can be considered as long term. 
Let us apply these definitions, as a case in 
point, to the swept frequency spectrum 
analyzer. The oscillator can be considered 
as either an integral part of the spectrum 
analyzer or an independent entity being 
checked for stability with a spectrum 
analyzer. It can be shown^ that a basic 
time interval for a .spectrum analyzer is 

T — — ^ — where D is total disper- 

V5.13 (B2) 

sion (i.e., dispersion in Hz/div times the 
number of horizontal divisions for full 
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screen) and B is the final amplifier 3 dB 
bandwidth. On the surface, it appears 
that the boundaries were picked artificial- 
ly. In practice there is a definite notice- 
able difference in the spectrum analyzer 
display depending on the analyzer settings 
and the type of instabilities present. 

The following photographs will illustrate 
these points. Fig 1 is a spectrum analyzer 
display of a frequency modulated carrier. 
The FM rate is 10 Hz or 0.1 s for a com- 
plete frequency excursion. It will be noted 
that the display exhibits a definite spectral 
width, namely 4 cm. The spectrum ana- 
lyzer was sweeping at a rate of 0.2 s/div, 
or a total of 0.8 s for 4 div. 

In this case, the phenomenon under 
measurement is occurring at a rate eight 
times faster than the measurement time. 
Fig 2 shows the same signal displayed with 
the same .spectrum analyzer with all con- 
trols set identically to those for fig 1 
except for sweep time. Here the sweep 
time has been set for 20 m s/div or 80 
ms for 4 div. Observe that the charac- 
teristic FM spectrum has disappeared. As 
far as the spectrum analyzer is concerned 
it might as well be responding to a GW 
signal. 




fig 1 Frequency modulation-slow analyzer 
scanning rate. 




fig 2 Frequency modulation-fast analyzer 
scanning rate (single sweep). 




fig 3 Long term drift measurement. 




fig 4 Short term FM measurement. 



Fig 3 shows the long term drift of an 
oscillator obtained by triggering the spec- 
trum analyzer sweep in 1 minute intervals. 
It will be noted that each of the several 
sweeps has generated a clean display trac- 
ing out the shape of the resolution band- 
width. 

We can now calculate total drift, drift 
in P/M or drift/min from a knowledge 
of the spectrum analyzer control settings. 
The numbers thus obtained represent a 
long term stability specification for the 
oscillator. We can say very little about the 
short term characteristics as the analyzer 
controls were not set for a high resolution 
analysis. Fig 4, on the other hand, shows 
the short term characteristics of an oscilla- 
tor without telling us anything about long 
term performance. Here the dispersion 
was set for 500 Hz/cm at a resolution of 
100 Hz and a sweep time of 0.2 s for full 
screen. It will be noted that a definite fre- 
quency change has occurred during the 
time interval of the single sweep. The trace 
is spread out over approximately 1.5 cm 
for a total of 750 Hz. 

Were this oscillator to be used as a com- 
ponent of the measuring analyzer, it 
would have a definite effect on the short 
term stability of the analyzer. This could 
be surmised by observing that a definite 



frequency change occurs in a time interval 
less than T = 



V5.13(B2) V5. 13(1002) 

MEASUREMENT TECHNIQUES 

The following experiments indicate the 
versatility of the spectrum analyzer .and 
present comparison data between spectrum 
analyzer and counter for frequency sta- 
bility and signal purity measurements. 

Long Term Drift 

Both the counter and spectrum analyzer 
are well suited to long term drift measure- 
ments. Fig 3 was obtained by triggering 
a spectrum analyzer to sweep once every 
minute. Analyzer settings were center fre- 
quency 400 MHz and dispersion 50 kHz/ 
cm. Readings were simultaneously taken 
in one minute intervals on a counter and 
the data in Table I was obtained. 



Table I 

Long Term Drift 



Interval 

Number 


1 


2 


3 


4 


5 


Frequency 


400 


400 


400 


400 


400 


MHz 


.55 


.51 


.47 


.43 


.39 


Interval 


Number 


6 


7 


8 


9 


10 


Frequency 


400 


400 


400 


400 


400 


MHz 


.35 


.31 


.28 


.26 


.25 



From the spectrum analyzer data we 
observe that oscillator drift during the ten 
minutes of observation was 6.1 cm and at 
50 kHz/cm this is equivalent to 305 kHz. 
The counter data indicates that total drift 
was 300 kHz. Similarly, drift during the 
first minute, drift during the tenth minute, 
average frequency change per unit, time, 
etc., can be calculated from both counter 
and spectrum analyzer data. Clearly the 
counter is superior in accuracy to the 
spectrum analyzer which had an error, in 
this case, of 5 kHz out of 300 kHz or 1.7 
per cent compared to the counter. 

Incidental Frequency Modulation 

Incidental frequency modulation is usu- 
ally of a random nature so that given a 
short enough averaging interval and a 
sufficiently long observation time one can 
get an excellent idea of the peak to peak 
frequency deviation by the use of a coun- 
ter. 
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1 Spectrum Analyzer General Information 

I 

1 SENSITIVITY — SIGNAL TO NOISE A sensitivity of —105 dBm says that a racy of ±(2MHz + 1% of dial reading) 

1 o • • • f o A , . signal with a power level of 105 dB below may at first appear as an unusually large 

I ensiuvity o a pectium na yzei is ^ reference of 1 mW, plus the noise power, frequency tolerance to be ascribed to a ! 

speafied as the signal power input re- 3 times (3 dB) greater than the 10 MHz RF signal. It could just as well 

quire to pro uce a to latio 0 sig- noise power alone; or, signal plus noise have been described as ± 1 % of local oscil- j 

na + noise powei to noise power at t e equals 2X noise; noise being a function of lator fundamental or harmonic frequency, 

output. Noise power is a function of bandwidth and gain. However, the latter explanation would not 

amplitier bandwidth and gam. Ihere- n i i r j* 1 i* 

r ’ ^ . • 1- • T . Tr . , , allow calculation or the dial accuracy limits 

tore, signal power is noise limited or noise Knowing the amplifier bandwidth, sensi- readin 1 

dependent. tivity may be measured at any bandwidth. ’ 1 

, , 1 interest of time and ease of meas- When the dial reads 10 MPIz the local 

Noise power vs signal power may be urement, the sensitivity figure, measured at oscillator is tuned 200 MHz higher in fre- 

onillfilT bandwidth, plus 20 dB (100 to 1 quency to 210 MHz. One percent of 210 

r * correct for a bandwidth of 1 kHz, mHz is equal to 2 1 MHz On the other ! 

width {minimum bandwidth), the sensi- The actual + 12 Xr+l c/ o7 

tivity may be stated as -105 dBm. This measurement at 1 kHz bandwddth is tedi- O ^ ^ ? 

indicates a 20 dB greater sensitivity at 1 gus to make, requiring minimum disper- ^ ° 2d MHz. Geneially it is much 

kHz bandwidth than at 100 kHz band- sion and a very slow sweep. easier to derive the frequency accuracy 

width. This is confirmed by a 100 to 1 limits from the dial reading than having to 

(bandwidth reduction) ratio being equal aqi an niAi AmiDArv determine the fundamental or specific har- | 

to 20 dB (a dimensionless number, but an monic frequency of the local oscillator for I 

expression of power ratios). The RF Center Frequency dial accu- a particular dial reading. I 

REFERENCE CHART j 


CHARAC- 

TERISTICS 


TYPE U5 
PLUG-IN 


TYPE 3L5 1 
PLUG-IN j 


TYPE 1L10 
PLUG-IN 


TYPE 3L10 
PLUG-IN 


TYPE 1L20 
PLUG-IN 


■ 1 

TYPE 1L30 
PLUG-IN 


TYPE R491 
TYPE 491 1 RACK 
PORTABLE 1 MODEL | 


CENTER 

FREQUENCY 


50 Hz fo 1 MHz 


1 MHz to 36 MHz 


10 MHz to 
4.2 GHz 


925 MHz to 
10.5 GHz 


10MHzto40GHz | 


SENSITIVITY 


10 /jiV/div RMS for spectral 
displays. 1 mV/div P to P 
for time-based displays. 


-100 dBm 


— 110 dBm 
to —90 dBm 


-105 dBm 
to — 75 dBm 


— llOdBm 
to —70 dBm 


CALIBRATED 

DISPERSION 


lOHz/div to lOOkHz/div 
100 Hz to 1 MHz full scale 


lOHz/div to 2 kHz/div 
100 Hz to 20 kHz full scale 


1 kHz/div to lOMHz/div 
10 kHz to 100 MHz full scale 


COUPLED 

RESOLUTION 


<10 Hz to >500 Hz 


10 Hz to 1 kHz 


1 kHz to 100 kHz 


coupled with calibrated dispersion positions and separately switchable | 


INCIDENTAL FM 


<3 Hz from 50 to 9900 Hz 
<10 Hz from 9,9 
to 990 kHz 


IF— 5 Hz 

LO — 26 Hz to 61 Hz 


<300 Hz at fundamental, with Phase Lock 


VERTICAL 

DISPLAY 


log, linear, video 


log, linear, linear XI 0 (ILIO 
only), video 


log, linear, square law, log, linear, square law 
video 


OSCILLOSCOPES 
USED WITH 


530, 540, 
550, and 
(with adap- 
ter) 580 
Series 


Type 561 A 
and 564 


530, 540, 
550, and 
(with adap- 
ter) 580 
Series 


Type 561 A 
and 564 


530, 540, 550, and (with seif contained 

adapter) 580 Series 


PRICE 


$1000 


$1100 


$1150 




$1925 


1 $1925 


1 $4400 1 $4500 
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9^ 91 9^ 91 9^ 89 81 ^6 66 66 59 62 65 ^ ^ ,,,,,, 

59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 quency.- 392 MHz; dispersion: 1 kHz/cm. 

53 63 68 65 67 62 61 64 72 74 75 74 77 76 72 

^4 75 76 77 78 79 80 81 82 83 84 85 86 87 S 




By analogy, given a sufficiently fast 
sweep and sufficiently long observation 
time, a spectrum analyzer will indicate the 
peak to peak deviation. Fig 5 and the data 
presented in Table II were obtained by 
sweeping the spectrum analyzer and read- 
ing the counter in two-second intei'vals 
for a total observation time of about four 
minutes. 

From fig 5 the peak to peak incidental 
frequency modulation is about 4.7 kHz. 
Fi'Om this and the center frequency we can 
calculate a frequency stability of about 12 
P/M. 

The counter indicates a maximum de- 
viation of 4.4 kHz or 11.2 P/M. The 300 
Hz difference is probably the error intro- 
duced by the spectrum analyzer, which is 
specified to be less than 400 Hz under the 
above conditions. The counter is, of course, 
the more accurate instrument. However, 
the spectrum analyzer has the advantage 
in that the signal level required is on the 
order of microvolts, whereas the counter 
requires many millivolts. 

Amplitude Modulation 

Some oscillator specifications require 
not only low incidental FM, but a high 
degree of spectral purity as well. Spectral 
purity cannot be conveniently measured 
with a counter but is very easy to deter- 
mine with a spectrum analyzer. A case in 



point is undesired amplitude modulation. 
Fig 6 clearly shows the 1 kHz amplitude 
modulation. A counter W'ould not indicate 
this. 

Symmetrical FM 

When an oscillator is swept symmetri- 
cally (plus and minus) with respect to a 
center frequency a long-term time average 
will not show any frequency change. Thus, 
unless the sweep interval is substantially 
greater than the counting interval, a fre- 
quency counter will show a stable signal 
which, in fact, may be frequency modulat- 
ing. The following illustrates this. 

An oscillator sweeping at a 60 Hz rate 
was checked with a counter and spectrum 
analyzer. The results are recorded in Table 
III and in fig 7. 



fig 6 Amplitude modulation measurement; cen- 
ter frequency; 400 MHz; dispersion: 1 kHz/cm. 




fig 7 Symmetrical FM measurement; center 
frequency: 405 MHz; dispersion: 1 MHz/cm. 











Table III 








Frequency Change 


as Indicated by Counter 






Int.^^ 


1 


2 


3 


4 


5 6 7 8 9 


10 11 


12 


Freq. MHz*"' 


274 


293 


272 


331 


275 343 288 350 295 


312 304 


293 


13 14 15 


16 


17 


18 


19 


20 






339 304 357 


313 


378 


328 


374 


335 







* Count interval 1 s spaced 3 s opart. 

**MHz 408.274, used only fast three digits for convenience. 
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The spectrum analyzer shows a peak to 
peak frequency excursion in excess of 2 
MHz, whereas the counter shows a maxi- 
mum frequency change of only 102 kHz. 

Fine Grain Analysis by Checking 
the Reference Signal 

Many stable microwave signals are de- 
rived from lower frequency sources by 
frequency multiplication, phase locking or 
other means. Fine grain analysis of the 
reference signal will very often yield valu- 
able information concerning the microwave 
output without the necessity of utilizing- 
costly or complicated microwave test 
equipment. 

Fig 8 shows the results of such an 
analysis. The signal is the 1 MHz ref- 
erence source used for phase locking the 
local oscillator of a microwave spectrum 
analyzer. It is observed that the refer- 
ence signal has good spectral purity (no 
observable extraneous outputs in the vicin- 
ity of the carrier) hence the reference 
oscillator could be eliminated as a cause 
should there be difficulty in phase locking. 




fig 8 Fine grain analysis of reference signal; 
dispersion: 50 Hz/cm; resolution: 10 Hz. 



Fine Grain Analysis by Down Conversion 

Sometimes it is not possible to check the 
stability of a signal’s reference source, or 
such a measurement does not yield suf- 
ficient information, or the signal is not 
derived from a lower frequency source. 
Under these conditions it is still possible 
to use a low frequency spectrum analyzer 
for fine grain analysis by down converting 
the unknown signal. This can be accom- 
plished by heterodyning the signal to be 
measured with a second, known to be 
stable signal, or a second source having the 
same general characteristics as the signal 
to be measured. 



Fig 4 is the result of such a measure- 
ment. Here two phase-locked 2 GHz oscil- 
lators whose frequencies differ by 0.5 MHz 
were heterodyned in a mixer and the result 
displayed on a spectrum analyzer tuned to 
0.5 MHz. Spectrum analyzer dispersion is 
500 Hz/cm. It will be observed that the 
combined incidental FM of both 2 GHz 
oscillators is on the order of several hun- 



dred Hz. Since the incidental FM charac- 
teristics of the two oscillators are random 
and not coherent, several photographs 
would have to be taken to be assured that 
the maximum deviation is observed. In 
addition, slower sweep time measurements 
would have to be performed in order to 
make certain that the display broadening 
is, in fact, due to FM and not something 
else. 



LOW FREQUENCY 
REF AT F, 




fig 9 Block diagram of spectral purity measurement. 
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fig 10 Frequency relationships for the system of fig 9. 
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Spectrum Purity Measurements 
in Presence of FM 

Sometimes it is desirable to observe 
multiple outputs or amplitude modulation 
in the presence of FM. This can be ac- 
complished by utilizing the system shown 
in the block diagram of fig 9. This sys- 
tem is best understood with reference to 
the frequency diagram of fig 10. 

In order to illustrate this technique we 
have assumed that the signal to be ana- 
lyzed has a small spurious sideband at a 
frequency Af above the main signal at f2. 
This signal is heterodyned with a stable 
(e.g., crystal oscillator) low frequency sig- 
nal at a frequency fl. Neglecting harmonic 
conversions, the output of the mixer con- 
sists of signals at the sum and difference 
frequencies of the two inputs and the two 
inputs themselves reduced by mixer loss 
and the degree of mixer balance. The 
mixer output at fl is now eliminated by 
means of a band reject filter (a high-pass 
filter rejecting fl can also be used). This 
signal, reduced in amplitude by an atten- 
uator, is now applied to a second mixer 
where it is heterodyned against the original 
signal at f2. Here again, the output signal 
consists of the sum and difference of the 
input frequencies and reduced versions of 
the two inputs. The output of the second 
mixer, among other things, contains a 
component at the frequency fl, having two 
sidebands at a frequency separation of Af. 

One important assumption in this ana- 
lysis is that when the unknown signal is 
used as the local oscillator (larger of the 
two signals) for mixer 2, the sideband at 
f2 + Af does not enter into the mixing 
action. This assumption presupposes that 
the sideband at f2 + Af is at least 20 dB 
below the carrier at f2. Thus, the side- 
band power level is insufficient to act as 
an efficient local oscillator and all conver- 
sions with f2 + Af will be negligibly small. 
In order not to violate this assumption, the 
input levels to mixer 2 should be kept as 
low as possible. 

One point that was neglected is inci- 
dental modulation of f2. With reference 
to fig 9, it is obvious that the output 
of mixer 2 at frequency fl is a function 
of the instantaneous frequency difference 
of the two inputs. Assuming negligible 
time delay in the first mixer, the filter, 
and the attenuator, frequency modulating 
of f2 will have no effect on the final 
output. 

It will be noted that we have trans- 
lated the signal to be measured from 
f2 to a lower frequency fl. It should 
also be observed that in the process the 
signal has acquired a second sideband. 



A similar analysis for a double sideband 
signal will show that no additional side- 
bands are created, but the sideband level 
is increased by a factor of two relative 
to the carrier. 

Thus, the technique will indicate the 
presence of sidebands, their spacing with 
respect to the carrier, and the maximum 
level of the sidebands relative to the car- 
rier. This technique cannot be used to 
determine whether a single or double side- 
band signal is involved or to determine 
the true level of the sidebands relative 
to the carrier. Utilization of a more com- 
plex system using imageless mixers would 
eliminate these restrictions. Fig 11, 12 
and 13 illustrate this technique. 

Fig 11 was obtained with fl = 1 MHz, 
f2 “ 400 MHz and the spectrum analyzer 
set for a center frequency of 1 MHz, a 
dispersion of 50 Hz/cm and a resolution 
of 10 Hz. The 60 Hz amplitude modula- 
tion of the signal is clearly observed. 

Fig 12 shows the spectrum of a 2 GHz 
signal. The spectrum analyzer is set for 
a dispersion of 500 kHz/cm. It is ob- 
served that the spectral width of the sig- 
nal is close to 2 MHz. We are unable to 
determine if any AM is involved. 




fig 11 Fine grain analysis of microwave signal. 




The photos for this article were taken with 
the following Tektronix equipment types: 1L5 
and 1L20 Spectrum Analyzer Plug-ins in a 549 
Storage Oscilloscope and a C-12 Camera 
with projected graticule; 491 Spectrum An- 
alyzer with C-30 Camera. 




fig 13 AM in the presence of FM with the FM 
cancelled out. 

Fig 13 shows the AM characteristics 
of this 2 GHz signal obtained by using 
the setup shown in fig 9, with fl set 
at 1 MHz. This dispersion is 500 Hz/cm, 
indicating the presence of amplitude mod- 
ulation at 1300 Hz. 

CONCLUSION 

As these experiments indicate, there is 
a considerable overlap in measurement 
capabilities between the basic “time do- 
main” versus “frequency domain” meth- 
ods. 

The ultimate decision as to which in- 
strument to use in a specific measure- 
ment application must be made with re- 
spect to such things as; required accu- 
racy, required form of data (i.e., quanti- 
tative or qualitative), convenience and 
availability of equipment. 

Quite often, however, trade-offs might 
be made; e.g., if a counter were not 
available, a measurement to a very high 
degree of accuracy or stability might be 
made with a spectrum analyzer at the 
expense of convenience, the data being 
limited only by the accuracy or stability 
of the reference frequency and the ingenu- 
ity of the user. 
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Interpreting Markings on Semiconductor Components 



The following information will be of 
use when trying to identify a semicon- 
ductor supplied by Tektronix with, or 
for, a Tektronix instrument. 

Color codes should be read starting with 
the dot or band nearest one terminal or 
lead. By strong convention, that terminal 
or lead goes to the “N’' material (cathode) 
if the component is a diode. Any single 
dot, band, or unique symbol that appears 
on a diode is supposed to be adjacent to 
the “N” material terminal. If the device 
is a transistor, any one special mark is 
supposed to be adjacent to the collector. 

EIA STANDARD 
COLOR CODE 

Black — 0 
Brown — 1 
Red — 2 
Orange — 3 
Yellow — 4 
Green — 5 
Blue — 6 
Violet — 7 
Grey — 8 
White — 9 

1. INxxxx or 2Nxxxx printed on the com- 
ponent indicates the JEDEC-registered 
type number. 

2. Nine-digit numbers starting with 151, 
152, or 153 are the Tektronix part 
numbers. Tektronix components whose 
nine digit part number begin with 151 
are transistors. Components whose part 
number begin with 152 are diodes. Tek- 
tronix part numbers beginning with 153 
are selected components and will consist 
of both diodes and transistors. 

3. Seven-digit numbers starting with 151, 
152, or 153 will be a number code for 
a Tektronix part number. The digits 
will stand for the first seven digits in 
the part number with the last two digits 
in the part number understood to be 
zeros. 

4. Six-digit numbers starting with 151, 
152, or 153 will be a number code for 
a Tektronix part number. The last 
three digits in the number code will 
correspond to the fifth, sixth, and sev- 
enth digits of the Tektronix part num- 
ber. The fourth, eighth, and ninth digits 
in the part number will be zeros. 



5. Four-digit numbers will probably be 
a number code for a Tektronix part 
number. The four digits in a four-digit 
number code correspond to the fourth, 
fifth, sixth, and seventh digits in the 
Tektronix part number, with the last 
two digits in the part number both zeros. 
The first three digits will be 152 if a 
diode, and 151 (or possibly 153) if it 
has more than two connections. 

6. Three-digit numbers that are alone will 
usually be a number code for a Tek- 
tronix part number. If not alone they 
will be a date code, or the manufac- 
turer’s type number. The three digits 
in our three-digit number code corres- 
pond to the fifth, sixth, and seventh 
digits in the Tektronix part number, 
with the fourth and last two digits in 
the part number understood to be zeros. 
The first three digits will be 152 if a di- 
ode, and 151 (or possibly 153) if the 
component has more than two ter- 
minals. The three digits in a date code 
stand for the year and the week when 
manufactured. The number 752 would 
stand for the 52nd week of 1967. 

7. Four-band color codes will stand for 
a Tektronix part number, or a JEDEC- 
registered type number. If the first of 
four bands is pink or blue, the code is 
for a Tektronix part number; if not 
pink or blue, the code is for a JEDEC- 
registered type number. At some time 



in the future JEDEC numbers will 
reach 6000, and at that time the first 
of four color bands will be blue. At 
that time, Tektronix will be using a pink 
band exclusively on new components 
to indicate that the code is for a Tek- 
tronix part number. 

8. Three-band color codes will stand for 
a JEDEC-registered type number or 
the manufacturer’s type number. If the 
bands start with pink, blue, or black, 
it will not be a JEDEC type number. 
Some small three-band color codes may 
look like four-band color codes if you 
don’t use a magnifying glass, because a 
trademark or initial may also be printed 
in color on the component, and appear 
to be a band. For instance, Transitron 
T12G diodes are presently coded black, 
brown, red, and have a yellow T next to 
the red band that sometimes appears to 
be a yellow band. 

9. Dot color codes consisting of one, two, 
or three dots are manufacturer’s type 
number codes, and normally cannot be 
interpreted without knowing who the 
manufacturer is. Tektronix-made diodes 
are also dot coded. Color dots on ex- 
tremely small semiconductors may ap- 
pear on a terminal or lead as well as 
the body. 

10. Trademarks, initials, or the manu- 
facturer’s name sometimes appear on 
a semiconductor. 







MANUFACTURER 


CODE 






AMP 


— 


Amperex 


PHI 


— 


Philco 


CDV 


— 


Continental Devices 


PSI 


— 


Pacific Semiconductor 


ELM 


— 


Elmar Electronics 


RAY 


— 


Raytheon 


ERl 


— 


Electron Research, Inc, 


RCA 


— 


Radio Corp. of America 


FS 


— 


Fairchild Semiconductor 


SEM 


— 


Semcor 


GE 


— 


General Electric 


SPR 


— 


Sprague 


Gl 


— 


General Instrument 


SYL 


— 


Sylvania 


HOF 


— 


Hoffman 


TEK 


— 


Tektronix 


HUG 


— 


Hughes Semiconductor 


Tl 


— 


Texas Instrument 


IDC 


— 


International Diode Corp. 


TRA 


— 


Transitron 


IRC 


— 


International Rectifier 


TRW 


— 


Thompson Ramo 


ITT 


— 


International Telephone 






Woolridge 






and Telegraph 


TUN 


— 


Tung-Sol 


MIC 


— 


Microv/ave Associates 


UTR 


— 


Unitrode 


MOT 


— 


Motorola 


VAR 


— 


Varo 


OHM 


— 


Ohmite 


WES 


— 


Westinghouse 
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Soldering Techniques 

Soldering Tektronix Circuit Boards 

Stan Chojecki 

Vern McAdams Component Evaluation Engineers 

Soldering Leadless Capacitors 




INTRODUCTION 

Soldering is an alloying process be- 
tween two metals. In its molten state, 
solder dissolves some of the metal with 
which it comes in contact. The metals 
to be soldered are, more often than not, 
covered with a thin film of oxide that 
the solder cannot dissolve. A flux must 
be used to remove this oxide film from 
the area to be soldered. The solder used 
in most electronic work contains this flux 
as a center core which has a lower melt- 
ing point than solder itself. When the 
molten flux cleans the metal it accom- 
plishes two things: 

1. It allows the solder to wet the metal, 

2. It holds the oxides suspended in the 
solution. 

The molten solder can then make con- 
tact with the cleaned metal and the sol- 
vent action of solder on metal can take 
place. 

The soldering process then is the fol- 
lowing: 

1. The cored flux melts first and re- 
moves the oxide film on the metal 
to be soldered. 

2. The solder melts, floating the light- 
er flux and the impurities suspend- 
ed in it to the surface. 

3. The solder partially dissolves some 
of the metal in the connection. 

4. The solder cools and fuses with the 
metal. 



METAL PREPARATION 

To do a proper soldering job the fol- 
lowing must be done: 

1. The connection itself must become 
hot enough for the rosin to melt and 
clean the metal. The cored solder 
must be applied directly to the heated 
connection so that the flux, which 
melts at a lower temperature than 
the solder, will melt first and clean 
the connection by the time the sol- 
der has melted. (If the solder is 
applied to the soldering-iron tip, the 
flux, being lighter, will float on top 
of the solder. It will be unable to 
reach the connection and clean it.) 

2. A good easy flow of heat from the 
soldering-iron tip to the connection 
must be obtained by a clean, well- 
tinned soldering-iron tip. A thin film 
of molten solder will transfer heat 
rapidly. 

In soldering techniques for circuit 
boards, the basic principles for soldering 
prevail. We are now interested in the 
difference in the soldering of circuit boards 
and normal soldering. 

CIRCUIT BOARD CONSIDERATIONS 

The first consideration of soldering to 
circuit boards is the temperature limita- 
tion of the substrate. The Tektronix cir- 
cuit boards have a substrate of fiber-glass 
epoxy, which has a temperature limita- 
tion of 530° F for not more than 5 min- 
utes. Hotter temperatures reduce the time 
in inverse relationship; the hotter the tem- 



perature, the less time the boards will 
stand it before damage. 

A second consideration is the soldering- 
iron-tip temperature, which is determined 
by the type of soldering iron and solder- 
ing-iron tip used. The wattage of the 
soldering iron and the configuration of 
the soldering-iron tip combined with the 
speed of soldering will determine the 
ultimate tip temperature as well as the 
working-tip temperature. Since we are 
here primarily concerned with the work- 
ing-tip temperature, the soldering iron and 
tip should be chosen so that the working- 
tip temperature will at no time exceed the 
limitations of heat set forth above. 

A third consideration in soldering of 
circuit boards is the type of solder used. 
The best type for use on the Tektronix 
circuit boards is a “eutectic”-type cored- 
wire solder of size #20 AWG, composed 
of 63% tin and 37% lead (as designated 
Fed Spec QQ-571c as Sn63) with a central 
core of activated rosin flux (Divco X-25 
or equivalent). 

A fourth consideration is the technique 
of repair — repair in this case consisting 
of replacement of components. The cor- 
rect sequence in the replacement of a 
component is as follows: 

1. Clip the leads of the soldered compo- 
nent. 

2. Remove the component from the cir- 
cuit board. 

3. Remove the clipped leads individual- 
ly from the circuit board. 
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0CS = THERMAL RESISTANCE OF 
MOUNTING. 



Silicone Grease for Tektronix Instruments 



Can be reduced by employing 
various techniques such as: 

( 1 ) Honing to improve metal in- 
terface contact; 

(2) Silicone grease or similar 
compound with high heat 
conductivity to fill in sur- 
face irregularities and im- 
prove surface contact be- 
tween transistor and mount- 
ing surface. 

©SA = THERMAL RESISTANCE OF 

“HEAT SINK” OR MOUNTING 
BASE. 

Value is determined by factors 
like surface area, color, volume 
of air passing over it, etc. Us- 
ually this factor is designed-in 
after the other elements have 
been optimized. 

Pd ^ POWER DISSIPATION 

Limited by ambient and maxi- 
mum allowable junction tempera- 
ture. 



Of the many readily available silicone 
dielectric compounds, we suggest Dow 
Corning Type 4 or Type 5 Silicone Com- 
pound of heat sink use in current Tek- 
tronix instruments. 

Some other types of silicone greases may 
be used that contain metallic oxides which 
increase the thermal conductivity. These 
are more expensive than ordinary silicone 
greases like Type 4 and Type 5, which we 
know will meet the thermal conductivity 
and temperature range requirements for 
our instruments. 

A practical general rule for maintenance 
operations is to use silicone grease when- 
ever replacing any heat-sink-mounted tran- 
sistor. 

When replacing such transistors, apply 
a thin film of silicone grease between the 
transistor case and the heat sink. 

If a mica or other type electrically-insu- 



lating washer is used between the transistor 
and the heat sink, apply a thin film of 
grease to both sides of the insulating 
washer as well. 

In some cases (such as the 547 VA out- 
put transistors), the transistor is electri- 
cally insulated from the chassis by a white 
beryllium oxide disk. If, for any reason, 
you remove the heat sink disk, you should 
also apply silicone grease where the disk 
contacts the chassis. 

Try to avoid getting silicone grease on 
leads that have to be soldered. Soiled 
leads wiped clean with a cloth should 
respond well to standard soldering tech- 
niques. 

Dow Corning Type 4 Silicone Com- 
pound is available in 2 oz and 8 oz tubes 
through electrical and electronic supply 
houses. 



JUNCTION POWER 
DISSIPATION = CURRENT 



OPPOSITION TO HEAT 
TRANSFER = RESISTANCE 



AMBIENT 

TEMPERATURE == VOLTAGE 



JUNCTION 

TEMPERATURE ^ VOLTAGE 



i 



, 

i 

Insulating i 

1 Washer 


Typical Thermal Resistance 
in “C/W (0cs) 


f 

1 


Dry 

i 


1 

W/Silicon | 

Lubricant j 


1 

None 




0.2 


0.1 


Teflon 


i 

1 1.45 

i 


0.8 


Mica 


00 

d 


1 0-4 

1 

1 ^ 


j| 

Anodized 

Aluminum 


i 

0.4 


j 0.35 
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Service Notes 




REED SWITCH INSTALLATION 

The following considerations will be of 
interest to those who are concerned with 
the soldering of reed switches. 

1. Stress: The less stress applied to the 
glass-to-metal seal, the more chance 
the reed has of performing its function. 
Bending a lead without supporting the 
lead inside the bend with a rigid sup- 
port will cause changes in its operating 
parameters. The reed should be sup- 
ported by the coil and never by its 
leads. The ideal situation is one where 
the coil supports and retains the reed, 
and nickel ribbon is soldered on the 
leads for circuit connections. 

2. Contact Gap: Gap placement is not 

always in the center of the glass enve- 
lope. It is, therefore, important when 
installing a reed in its coil to be sure 
the contact gap is centered in its coil, 
regardless of where inside its glass en- 
velope it may be. 



3. Lead Length: Length is important in 
that a reed is purchased to a given am- 
pere-turn pull-in rating which is checked 
with full-length leads. Cutting these 
leads short will increase the ampere- 
turn pull-in requirements for ,the reed. 
Leads cut to 14 -inch from the glass .seal 
increase the ampere- turn requirements 
by 20%. Under normal conditions no 
lead should ever be shorter than %- 
inch. 

4. Cutting: Cutting of leads will also, 

under some conditions, cause operating 
changes, due to the shock being trans- 
mitted up the lead. All cutting of leads 
should be done with good support of 
the lead inside the point of cutting. 
Good support will help keep the stress 
to a minimum and absorb the shock 
of cutting action. 

Poor installation practice will not always 
show' up in calibration but is certain to 
cause problems eventually. 



TOUCH-UP PAINT CANS CLOG 

You can probably prevent pressurized 
cans of touch-up paint (252-0092-00) 
from clogging by observing a simple prac- 
tice: .As soon as a paint job is done, turn 
the can completely upside down, and 
spray into a rag for a few seconds to clear 
the nozzle and take-up tube. 

PLASTIC TRANSISTOR LEADS CHANGE 

Plastic transistors made by Texas In- 
struments are now^ being supplied wdth the 
leads emerging at the points of a tri- 
angle instead of in a straight line. That 
means the flat side of the new^ ones wall 
face a different direction from before, 
so the flat side should not be used alone 
as a guide for how^ a replacement tran- 
sistor should be oriented. 
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USED INSTRUMENTS FOR SALE 

1 — Type 545A; 1 — Type 535A; 2 — Type 
502; 2 — ^Type 560/60/67. Contact: Henry 
Posner, Pacific Combustion Engineering 
Co., 5272 East Valley Boulevard, Los 
Angeles, California 90032. Telephone: 
225-6191. 

l_Type B, SN 17266; 1— Type D, SN 
15737. Possibly interested in a trade for 
a used CA, 1A2 or 1A6. Contact: Ash- 
ton Brown, 246 Cambridge, Kensington, 
California 94708. Telephone: (415) 524- 
3005. 

3 — ^Type D High-Gain DC Differential 
Units, SN 017118, 017120 and 017121. 
All instruments are in like-new condition. 
$115 each. Contact: Electronicraft, P. O. 
Box 13, Binghamton, New^ York 13902. 
Telephone: (607) 724-8785. 

1 — RM647/10A2/11B2 — 10 months old. 
Price $2100. Contact: John Robb, Light- 
ning & Transient Research, 2531 West 
Summer Avenue, St. Paul, Minnesota 
55113. Telephone: (612) 631-1221. 

1_515A, SN 3899. Price $350. Contact: 
Mr. Sieger, General Resistance Company, 



430 Southern Boulevard, Bronx, New^ York 
14055. Telephone: (212) 292-1500. 

l_Type 524D, SN 1328. Price $500. 
Good operating condition. Contact: En- 
rique Valdes Pages, WKAQ-TV, P. O. 
Box 5096, San Juan, Puerto Rico 00905. 

1 — Type RM504, SN 1589, like new^ Price 
$400. Contact: Walker Medical Electron- 
ics, 8621 East 55th Street, Kansas City, 
Missouri 64127. Telephone: (816) 353- 

2038. 

1 — Type 547, SN 1342; 1 — ^Type lAl dual- 
trace plug-in, SN 2043. Electrical and 
physical condition excellent. Contact: 
H. R. Greenlee, 430 Island Beach Boule- 
vard, Merritt Island, Florida 32952. Tele- 
phone: (305) 853-9542 (during working 
hours). 

1 — Type 512, SN 2113, in excellent con- 
dition wdth Tektronix modifications. XI 0 
probe and manual included. Price $180 
FOB. Scope cart included with pick-up 
purchase. Contact: Robert A. Dessert, 
6703 Greendale Road, Alexandria, Virginia 
22310. Telephone: (703) 971-2941. 



USED INSTRUMENTS WANTED 

1 — of the followdng type scopes: 533 A, 

535A, 524D or 531 A. 1 — Type CA plug- 
in; 1 — Type H, L or B plug-in. Contact: 
FI. R. Greenlee, 430 Island Beach Boule- 
vard, Merritt Island, Florida 32952. Tele- 
phone: (305) 853-9542 (during working 
hours). 

1 — Type 503. Contact: Mr. B. Smalley, 
Intercontinental Dynamics Corporation, 
8940 South Bell, Chicago, Illinois 60620. 
Telephone: (312) 238-8577. 

1 — ^Type 422. Consultant w-ants for per- 
sonal use. Contact: Ross Hupp, 4961 

La Gama Way, Santa Barbara, California 
93105. Telephone: (805) 967-9331. 



REFERENCE CHART 

The reference chart shown on page 15 
is useful for identifying the pin numbers 
of socket-mounted transistor and inte- 
grated circuits. By cutting along the 
dotted lines, the chart can be detached 
for use on your bench. 
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INTEGRATED CIRCUITS 










LU U ^ 

CQ UJ U 

CO 









Elecfrode configuration for socket-mounted transistors and Integrated Circuits, top view. 




Silicone Grease for Transistor Heat-Sink Use 



Some confusion apparently exists over 
the need for silicone grease in mounting 
heat-sinked transistors and if so, where 
do you put it. 

The maximum power which may be dis- 
sipated in a transistor is limited by its 
junction temperature, Tj. An important 
factor in determining junction tempera- 
ture is the ability to conduct heat away 
from it. There are several “thermal re- 
sistances” to be considered in series with 
heat transfer from junction to ambient 
air. An electrical analogy of these sepa- 
rate “resistances” is shown in fig 1. One 
of these, G^s, is the thermal resistance 
from case to heat sink and is influenced 
by the method of mounting. If a mica 
insulating washer is used dry, the junc- 
tion temperature rise per watt of power 



dissipated is about LO^'C due to G^s alone. 
This is mainly due to irregularities in the 
surfaces resulting in dead air spaces which 
do not readily transfer heat. See fig 2. 

Polishing the surfaces to reduce the 
amount of dead air space would help, but 
is expensive. A more economical meth- 
od is to fill the spaces with a substance 




How A Magnified Cross-Section View 
Of The Surfaces Might Look 



superior to air in thermal conductivity. 
Nearly anything is better than dead air, 
but silicone grease has the advantage of 
being a good electrical insulator while 
readily conducting heat. The use of or- 
dinary silicone grease can reduce the above 
mentioned l.O^C rise per watt of power 
to about half, and some of the new types 
of greases bearing metallic oxides claim 
reductions to the area of 0.1°C/W. As 
an example, this would mean a difference 
of 22.5 in the junction temperature of 
a power transistor dissipating 25 watts. 

Gjc = THERMAL RESISTANCE OF 

JUNCTION TO CASE BOND. 

Controlled by manufacturing 

process only. 
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Carelessness in reheating the solder con- 
nections for the removal and replacement 
of components is the only difficulty to 
be guarded against here. Caution must 
be taken not to overheat the substrate 
and this can best be accomplished with 
deft hands and by small applications of 
heat. If the removal or replacement is 
not accomplished in the first few seconds 
of heat application, avoid transferring too 
much heat to the substrate by going to 
another connection or waiting a few min- 
utes before reheating the connection. Giv- 
ing the connection these few minutes to 
cool will allow the heat to dissipate and 
help to avoid overheating the substrate. 
Heat dissipates quite slowly from some 



of the smaller connections and too long 
an application of the soldering iron will 
result in the overheating of the substrate. 

TIP CONSIDERATIONS 

Some things to be considered in order 
to obtain a low working- tip temperature 
are: 

1. At slow soldering speeds, a 25-watt 
iron and a 1/8 inch tip. 

2. At medium soldering speeds, a 40- 
watt iron and a 3/16 inch tip. 

3. At fast soldering speeds, a 50- or 60- 
watt iron and a 1/4 inch tip. 

A recommendation for soldering tips 



is that they be made of copper and have 
a chisel or bevel shape. 

There are two areas on a circuit board 
which might require different soldering 
techniques. One is the large copper area 
used as a common connection in contrast 
to the smaller spot connections. The 
larger areas will absorb heat much more 
rapidly than the smaller spot connection. 
This may necessitate a hotter iron and 
a larger tip for these areas than the 
smaller spot connections. 

With these cautions and recommenda- 
tions in mind you should encounter no 
trouble when soldering Tektronix circuit 
boards. 



Soldering Leadless Capacitors 



Special techniques are required to suc- 
cesfully solder leadless capacitors to cir- 
cuit boards. The following steps will mini- 
mize the problems that may be encoun- 
tered when soldering leadless capacitors 
to circuit boards. 

1. Tin the capacitor if it is not already 
tinned. This can best be accomplished 
by using a small soldering iron with low 
heat, and holding the capacitor down 
by weighting the edge of it with a silver 
coin. 

2. Tin the area of the circuit board where 
the capacitor is to be attached. This 
is usually a relatively large ground- 
plane area. 

3. Place the capacitor on the board in the 
desired location. 

4. Apply heat to the board adjacent to, 
but not touching, the capacitor. This 
will require more heat than the tinning 
operation above. Do not attempt to 
effect a bond by applying heat on top 
of the capacitor as this will permanently 
damage the device. 

5. Press down lightly on the top of the 
capacitor using a toothpick, or other 
small wooden stick, until it settles down 
onto the board — indicating that the 
solder has melted underneath. Remove 
the heat and allow to cool. 



When soldering leads to the tops of lead- 
less capacitors: 

1. Solder the capacitor to the circuit board 
using the method above. 

2. Bend wires or component leads over the 
top of the capacitor (within approxi- 
mately one lead diameter) after the 
other end of the component has been 
secured in place. 



3. Using a small iron, heat the component 
lead and apply solder until the solder 
wicks down onto the top of the cap. 

4. Remove the soldering iron, and allow 
the lead to seek its own equilibrium. 
This will minimize the external stresses 
on the capacitor. 

Remember, practice makes perfect! 



TOOTHPICK. 



CAPACITOR 



SOLDERING 
TIP 




(DON'T ALLOW TO ^ 
TOUCH CAPACITOI^ 
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Fig 1 Determining writing speed from a backlighted photograph. 
Note the use of a mask to cover the peaks of the waveshape. 



Developing a Writing Speed Specification 

(2.5 cm/nanosecond) 

For some years now various groups at Tektronix 
have been striving to specify writing speed for new 
Tektronix instruments. The problem is difficult be- 
cause of the number of variables entering into it. Table 
1 illustrates the factors that can enter into specifying 
writing speed. If such a parameter is specified, then 
each factor must be carefully examined to determine 
COVER its contribution. The subjective nature of some of these 

factors, plus the lack of control over others, (for ex- 
The Type 611 Storage Display Unit is featured on this issue ample film history), all contribute to the problem. 

of SERVICE SCOPE. The familior Tektronix trademark display 

was programmed from a disk memory unit and the table of Various approaches were taken in an attempt to 

confenfs entered from the accompanying keyboard. The Type . 

61 Vs unique storage CRT eliminates the need for display- control this parameter more completely and consistent- 

refreshing memories and provides excehenf display resolution ly. Photomultiplier and microdensitometer techniques, 

without flicker. For information on resolution of Tektronix appropriate for lab correlation, were not con- 

Direct-View Bistable-Storage CRT’s, see the story on page 8. . , , • r . a • . 

sidered appropriate for customer use. An important 
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consideration was that the customer be able to dupli- 
cate the test conditions at a reasonable cost. Without 
this requirement, much of the value of specifying writ- 
ing speed would be lost, for many customers could not 
measure it. 

The effort was then directed toward refining the 
techniques and controlling the factors that enter into 
the conventional determination of writing speed. To 
reduce the effect of variations in film sensitivity from 
roll to roll and frame to frame, five Polaroid^'^ backs 
were used. Each contained Polaroid Type 410 film, 
and one exposure was made using each back. The re- 
sults of the five pictures were then averaged and this 
value recorded. 

The photographs are viewed while backlighted and 
masked as shown in fig 1. The use of backlighting 
(transillumination) tends to standardize the reading 
of recorded wave shapes. When determining writing 
speed, it is important that the photograph be well il- 
luminated as the contrast sensitivity of the eye is a 
function of brightness. Backlighting is the preferred 
method of obtaining adequate illumination (approxi- 
mately 1 foot-lambert) without the harsh glare that 
may accompany reflected light. This technique does 
not apply to Polaroid pack films as the plastic base is 
too opaque. Although the surface is glossy and harsh 
to the eye, adequate reflected light will achieve the 
same results as backlighting. 

Using a mask to cover the peaks of the damped 
sine wave is important when making the measurement. 
The vertical velocity of a sine wave is zero at the peaks 




Fig 2 Shown above is the Tektronix Type 454 150-MHz Oscillo- 
scope with the Type C-31 high writing speed camera system. The 
combination has a specified writing speed of 3200 div/n.s with 
PIJ phosphor. 

and maximum at the midpoint, so there is a consider- 
able range of brightness on the photo. Without a mask 
there will be the illusion of seeing the complete trace. 
as the viewer will tend to connect the area between 
the bright peaks. Because of this he will tend to read 
a writing speed that is higher than the correct one. 
A line chosen as discernible without a mask may very 
well not be discernible when the peaks are covered with 
a mask. 

To acquire enough information from which to com- 
pile a specification, a group of 74 instruments (Tek- 
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FACTORS INFLUENCING WRITING SPEED 


Oscilloscope Controls 
and Circuitry 


CRT Screen 


Film 


Focus misadjustment 


Phosphor efficiency 


Sensitivity (including change with 


Astigmatism misadjustment 


Uniformity of phosphor efficiency 


age and environment) 


Intensity setting 


across the screen 


Spectral response 


Unblanking pulse height and shape 


Spectral distribution 


Processing 


Heater regulation 


Persistence 


Uniformity 


Calibration 
Accelerating potential 


Phosphor graininess 
“Sticking" of phosphor 


Reciprocity 


CRT Gun 


Camera and Lens 


Interpretation of Photographs 


Mutual conductance (Beam current 


Graticule transmission 


Film fog level 


vs. Grid drive) 


Dichroic mirror transmission 


Trace contrast 


Spot size 


Effective aperture 


Trace width 


Edge defocus 


Lens transmission (spectral response. 


Viewing conditions 


Plate intercept 


and transmission efficiency) 

Lens shading (vignetting) 
Magnification (object-image ratio) 


Human judgment 



Table J Major factors that affect writing speed. 
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tronix Type 454, 150-MHz Oscilloscopes) were used as 
a sample. The instruments were composed of 6 different 
groups taken over a 6 month period, and selected from 
manufacturing on a random basis. 

The 74 instruments were read by the various readers 
subject to the following controls: 

L Intensity— adjusted to point of visual extinction 
with the oscilloscope in the single sweep mode. 

2. Focus and Astigmatism — adjusted to produce a 
sharp trace on both horizontal and vertical axes 
during low repetition rate displays of a damped 
sine wave. 

3. Phosphor dormant — 5 minutes allowed between 
each exposure to allow decay to a consistent low 
level. 

4. Camera System — Tektronix Type C-40 (f/1.3 lens 
with 1:0.5 object to image). 

5. Exposure— 5 seconds. 

6. Film Type — Polaroid Type 410 (ASA 10,000). 

7. Film Development — 10 seconds. 

8. Repeat Steps 3, 4 and 5 with 5 different rolls of 
film. 

9. Mask photographs and view backlighted. 

10. Record first central segment that is just discernible 
on each photo. 

11. Calculate writing .speed from formula — 
ws ~ 3.14 fA. 



12. Average results and record. 

Two readers were initially used: Reader 1 with no 
previous experience in determining writing speed: Read- 
er 2 with considerable experience. The chart below 
shows the data taken by Reader 1. Note the mean of 
1671 di\7/ji.s. Reader 2 consistently read higher and 
the mean value of readings was 1875 div//xs. Photos 
were then sampled from each of the 6 groups and given 
to 3 additional readers with no previous experience. 
This data when correlated with the other, resulted in a 
group average of 1656 div//j.s. This then gave assurance 
that a specification based on Reader Fs data would be 
meaningful and repeatable. Note that only one of the 
74 instruments fell below the specification of 1250, 

In addition, studies were made with Pll phosphors. 
These studies confirmed that the Tektronix Pll phos- 
phor had 100% more photographic writing speed than 
the Tektronix P31 Phosphor. 

In a discussion of writing speed it is important to 
discuss briefly ASA exposure ratings as they are the ac- 
cepted method of specifying negative speed in this 
country. ASA exposure ratings are measured at 1 /50- 
second exposure to light of normal daylight spectral 
characteristics. Oscilloscope exposures are different in 
2 very important aspects. First, most oscilloscope re- 
cordings are a very short exposure and so the normal 
relationship of exposure and density is subject to failure 
(reciprocity law failure). In addition, the spectral 
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Photographic Writing Speed 
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Photographic writing speed is a figure of merit 
which describes the ability of a particular camera, 
film, oscilloscope, and phosphor to record a fast 
moving trace. This figure expresses the maximum 
single-event spot velocity (usually in centimeters per 
microsecond) which may be recorded on film as a 
trace just discernible to the eye. 

The results achieved are a function of the combined 
system performance of the oscilloscope, camera, film, 
recording technique, and the ability of the film reader 
to make a consistent interpretation of the results. Pre- 
fogging and postfogging of the recording film im- 
prove the apparent photographic writing speed of a 
particular system but the results are unpredictable 
and difficult to repeat. Because of this fact, Tek- 
tronix specifications are made without using fogging 
techniques. Should the user employ fogging, then 
the writing speed will be increased according to his 
skill. Writing speed figures 50-100% higher are pos- 
sible with controlled techniques on Polaroid Type 47 
and Type 410 film. 

The illustration above shows the way in which 
writing speed is measured. Display a single trace of 



a dam[)ed sine wave whose Irequency and amplitude 
is such that the rapidly rising and falling portions 
of the first cycle or two fail to record. 71ic peak-to- 
peak amplitude of the sine wave should be three to 
four times as great as the horizontal distance oc- 
cupied by one cycle. This is necessary to insure that 
the horizontal velocity component is small compared 
to the vertical velocity component. 

The writing speed capability of the oscilloscope 
is determined as follows: mask out the sine-wave 
peaks on the photograph leaving the central one-third 
visible. View the photograph while backlighted. 
Starting from the left, find the first rapidly rising or 
falling portion of the damped sine wave which is 
discernible. Let A represent the vertical distance in 
centimeters between the peaks which are connected 
by this portion and let f be the frequency of the 
damped sine wa\^e in megahertz. Since the maximum 
vertical velocity of a spot moving in simple harmonic 
motion is equal to fA, the writing speed in centi- 
meters per microsecond may be calculated by: 
photographic writing speed ~ 3.14 fA 
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SYSTEM WRITING SPEED IN DIV/jJS 






BANDWIDTH IN MHz 




NOMOGRAPH- Writing speed VS. dispiayed signal ampiitude 

Blue figures indicate specification points 



Fig 4 Type 454/C-31 Nomograph 




distributions of the different phosphors used are all dif- 
ferent from that of normal daylight. As a result the 
ASA ratings of film do not apply accurately to oscillo- 
scope photography. There is usually some relationship 
between ASA rating and maximum writing speed, how- 
ever. Thus, it would be safe to assume that a film with 
a very high ASA speed rating would probably have a 
higher maximum writing speed than a film with a lower 
ASA speed rating. For example, ASA 10,000 has ap- 
proximately 2 — 2.5 the writing speed of ASA 3000. 

What does the specification of writing speed mean to 
the oscilloscope user? First, the user may now determine 
whether an oscilloscope will meet his needs in single- 
shot applications. An oscilloscope with a stated risetime 
is one thing. To know that an oscilloscope is adequate 
to photographically record a single event is another 
thing entirely. The chart in fig 4 illustrates this. With 
Pll, the Type 454 is capable of presenting 10 divisions 
of data with a pulse of 2.4-nanoseconds risetime being- 
applied. Since the instrument has 6 divisions of ver- 
tical scan, the Type 454 has a comfortable margin of 
performance. 

The other area where writing speed is of major con- 
cern is in marginal viewing applications of repetitive 
events. Oftentimes, a user will want to observe a spe- 
cific pulse of a pulse train and examine it in detail. If 
the pulse of interest is, for example, the 30th one, then 
the effective repetition rate has been decreased by 30, 
since that time has been used to delay the sweep. There- 
fore, viewing may be quite difficult. In addition, am- 
bient light may contribute to a marginal viewing con- 
dition. If marginal viewing is a continuing problem 
then an instrument with additional writing speed should 
be considered and evaluated. 

Since the eye is more responsive to the yellowy-green 
than to the blue-violet region"'", visual writing speed and 
photographic writing speed have definite character- 
istics of their own. Most photographic film used in 
oscilloscope recording is more responsive to blue light, 
and a phosphor such as Pll peaked in this region will 
give excellent results. The eye will respond best to a 
phosphor such as P31 because its spectral character- 
istics are peaked in the green area. To concern ourselves 
with the two most commonly used phosphors, Pll has 
twice the photographic writing speed of P31, wTile P31 
has nearly 7 times the luminance (spectral response 
corrected to that of the average eye) of Pll. 

The nomograph shows the relationship betw-een wait- 
ing speed, frecjuency, risetime and display size. In addi- 
tion colored bands have been used to illustrate the writ- 
ing speed distribution of the 74 sample instruments. 
These bands take into consideration the recently intro- 
duced Tektronix Type C-31 Camera. This camera has 




Fig 5 The Type 454/C-31 displays a single-event pulse with 2.4-ns 
risetime. 



an fl.2 lens, a 1 :0.5 object-to-image ratio and improves 
waiting speed nearly 30% over its predecessor the Type 
C-40. The Type 454/C-31 with Pll phosphor has a 
waiting speed of 3200 div%us (2560 cm/N.s). The P31 
distribution is the one used in the control group. The 
Pll band is applicable because the photographic writ- 
ing speed of Pll is twice that of P31. To use the chart, 
find the rise time or bandwidth of interest and follow 
the line until the display .size desired is intersected. At 
this point read on the left axis the waiting speed required 
to adequately record this information on a single event 
basis. 

A significant stc]3 has been taken by incorporating 
waiting speed into the Tektronix Type 454 Oscilloscope 
catalog specification. In addition, a considerable safety 
margin has been provided the oscilloscope user because 
of tlie following: 

1. ) No film fogging is relied upon. Skillful fogging 
techniques may allow up to 100% additional waiting 
speed. 

2. ) Writing speed specification is based upon minimal 
performance not average. 

3. ) There is sufficient writing speed to waite 10 divi- 
sions vertically (CRT is 6 divisions vertically). 

4. ) Data is based on average of several inexperienced 
readers. Studies indicate that as readers become more 
experienced they are able to attain higher readings. 

The oscilloscope user can now select his instrument, 
knowing in advance, the minimum waating speed he 
may expect. He is assured of having sufficient writ- 
ing speed to record a single event at the risetime (or 
bancKvidth) of the system. 

For further information on the Type 454 Oscilloscope and Type 
C-31 Camera contact your local Field Engineer. Complete Type 
454 specifications ore given on pages 43-47 of Tektronix Catalog 
27 11968). 

"See Human Eye Response, PI 3 
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Ray Goolsbey, Tektronix Digital Instruments Engineer, checks out 
his programs on the Type 61 1 Storage Display Unit. See photo 
on page 9. 

Direct-View Bistable-Storage CRT Resolution 

Introduction 

la the case of nonstorage measuring oscilloscopes, reso- 
lution is usually given in terms of the width of the oscillo- 
scope trace. The conditions under which the trace width 
was measured must be known before a value can be placed 
on the results. 

( 1 ) Was the width measured at normal or full writing- 
speed? 

(2) Was the measurement made photographically or 
with a shrinking raster? 

(3) What percent is edge defocus? 



A Definition and Explanation 
of Resolution 

for Information Display Instruments 
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In the case of the direct-view bistable-storage tube 
(DVBST), measuring trace width is not as difficult as in 
nonstorage CRT’s. The transition from a nonwritten part 



of the CRT screen to a written portion is fairly abrupt. 
The gray-scale distance is insignificant and the trace re- 
mains stationary while you measure it. The Tektronix Type 
601 and 611 Storage Display Units employ the DVTST 
as a display device and are intended for display of alpha- 
numerics and graphics from computers. In this application 
the resolution of DVBST’s becomes an important param- 
eter. Their resolution is defined in terms considered most 
useful in the fields which require such displays. 

The design objective for the Type 611 required enough 
resolution to make a set of 4000 alphanumerics unambigu- 
ously legible (well-.spaced for clarity), based upon a 7 x 9 
dot matrix of nominal 10-mil dots. For the Type 601, the 
resolution objective \vas to get as much resolution as prac- 
tical using a conventional electrostatic deflection system in 
an 8 X 10 cm field. The electrostatic deflection require- 
ment resulted in a spot size approximately twice as large 
as that of the Type 611, making it capable of displaying 
about 1250 characters (Ixtsed upon a well-spaced 7 x 9 
dot matrix of nominal 20-mil dots). 

Center Resolution 

For conventional tubes, the shrinking raster"’" test is handy 
for testing center re.solution and about 20% correlation 



-See Trace Width, PI 2 



Fig 1 The curve and equivalent circuit of o 4.7 mA tunnel diode 
ore shown on the upper display. The lower display shows the 
logic diagram of a Tektronix Decimal Counter with 10-line readout. 




can be obtained loetween skilled operators. Photographic 
measurement is slow, tedious, and quite repeatable with 
skilled operators, with results usually more conservative 
than the shrinking raster method. This resolution test is 
usually expressed as either a trace width, or as lines per 
unit distance. One caution here — perform the te.st in both 
directions to be sure the CRT spot is round. Do not reset 
the astigmatism, focus, or intensity settings between tests. 
The lines per unit distance may be defined as specific reso- 
lution. The numl^er of lines obtained by multiplying the 
specific resolution by the length of the display is then total 
resolution, if the display is uniform. 



Effective Resolution 

A total resolution of 525 lines (as used above) is more 
total resolution than 525 lines of TV resolution. In the 
case of television, approximately 40 of the 525 total lines 
are lost due to retrace blanking. As a result, only 485 
lines are available for viewing. Even further, TV has less 
effective resolution, because its horizontal format may not 
be in registration. If a scene is composed of 243 horizontal 
white lines and 242 black spaces, the TV raster may not 
line up with a scene (it is understood that the 485 avail- 
able TV lines are nominally just in contact so there is no 
.space between TV lines). If the TV camera is aimed just 
right, where the lines of the raster scan just superimpose 
the scene, the scene will then reproduce correctly. How- 
ever, if the camera target is moved p 2 -line width, all the 
lines reproduce gray, since the .scanning line will be split 
horizontally — half \vhite, half black — the camera will re- 
spond gray. To be certain of avoiding this problem (100% 
resolution or 0%, depending on how the scene is arranged), 
the system could be designed with twice the number of 
lines. Ordinarily this would be wasteful, since such severe 
scenes are not usually encountered. 

In TV work, this problem is referred to as the Kell ef- 
fect, and is accounted for by stating that the effective reso- 
lution of a non-registered raster is about 70% of the line 
count. A 525 TV line sy.stem then is actually about a 340 
effective line system (vertical resolution), or about 2/> of 
what it sounds like. 

This is not true along a horizontal line; that is, there 
is no Kell effect along a line, because the video signal can 
appear anywhere along a horizontal line. For example, a 
properly gated 4-MHz sine-wave train could produce al- 
ternate black-to-white bars vertically along the screen. 
With about 54 ps visible along each horizontal line, there 
would appear to be 432 total alternate black and white 
bars across the screen. The bars can be moved to any de- 
sired position by simply shifting the starting phase of the 
gated 4-MHz signal. In other words, if a scene con.sisted 
of 216 white vertical stripes alternating with 216 black 
stripes, the camera would reproduce the stripes, even when 
the scene moves slightly, because there is no restriction on 
video time position along a line — only in registration of the 
lines themselves. 
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Computer Driven Displays 

In most computer-generated displays, there is no Kell 
effect either, because the computer usually generates a 
registered format. For example, the computer might have 
512 possible vertical addresses for the spot. It will never 
have to worry about something being in the 468^2 memory! 
In figure 2a, the letter is shown with each spot writ- 
ten at a specific address as determined from a grid which 
is l^asically 9x7 dots in size. If the dots arc at the reso- 
lution limit of the CRT, it is tempting to measure the spot 
size, measure the screen, and predict the number of ad- 
dressable points on the display. But note that if the CRT 
screen is substantially grainless (spot size bigger than the 
phosphor agglomerates), an improved ''A” may be written 
by addressing the beam in half spot steps, as per figure 
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Fig 3a Coarse grid — few dots Fig 3b Fine grid— many dots 




2b. Thus, the number of addressable points is a property 
of the system, not the display device (an exception is \vhen 
the display device is quantized, such as an array of gas- 
discharge cells, which can light up only at discrete posi- 
tions). Thus a computer system of 1024 x 1024 addresses 
has about 10'^ addressable points, but if the display device 
has a 512 line x 512 line total resolution, then there are less 
than 3 x 10^ simultaneously resolvable points for the sys- 
tem. In 4-MFIz, 525-line TV (forgetting Kell effect for the 
moment) there are approximately 485 x 432 simultaneous- 
ly resolvable points. However, there are an infinite num- 
ber of addressable points— 485 fixed vertical addresses with 
an infinite number of horizontal addresses! For a computer 
driven display, the addressable number of points are ap- 
proximately equal to, or to some sensible low multiple of 
the nuinl)er of simultaneously resolvable points. 



Dot Resolution 

Simultaneously resolvable points could be determined by 
building a generator which would fill the screen with dots 
based upon some coarse grid, see figure 3a. Turning up a 
control knob, to increase the number of dots ^vould pro- 
duce figure 3b. The problem is to know when enough dots 
are present. Becau.se the dots are not uniform, some dots 
will touch before others. A realistic specification will take 
this into consideration. 



This non-uniformity of the written dots is the major 
reason for most of the prol)lcms in measuring resolution. 
There will inevitably be “noise” on a dot's dimension at 
the resolution limit. Thus for a quality display, the size 
of a “period” must be greater than the minimum dot size 
that can be written. Figure 4 illustrates a group of five 
dots written at the nominal spot size for .spacing. Note 
that the effect of noi.se on the dimension of the written 
period has been substantially reduced. This means at nor- 
mal view’ing distances all the 5-.spot periods look sub- 
stantially uniform although the individual spots do not. 




Dotted Line Resolution 

By writing the Type 611 screen with a 300 x 400 dot 
matrix the problem is simplified. Under ideal conditions 
there ^vould be uniform round dots spaced one diameter 
apart. Actually, at the center of the CRT, the dot is gen- 
erally smaller than nominal and not uniformly round with 

more than a diameter’s spacing between dot edges. In the 
corners, the dots are generally elliptical and have less than 
nominal spacing. If the written dots in the center are not 
too small (for example, not less than half nominal size) 
and the dots in the corners do not touch (for example, less 
than 70% over size), then a written message should be 
clearly legible. The uniform nominal distance separating 
the dot centers is easy to set up and is consistent with com- 
puter grid usage. In addition, by looking for the areas 
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Fig 5a Center dots Fig 5b Corner dots 



that appear brightest and dimmest, the places where meas- 
uring is worthwhile are easily seen. A quality criterion 
which might be applied in “in any group of 10 x 10 dots 
no more than 10 shall l)c missing, and no more than 1,0 
pairs of bridging shall occur.” The “missing” specifica- 
tion accounts for too small a dot and the “bridging” speci- 
fication takes care of too large a dot. A further advantage 
is that with the dotted line method, the screen is approxi- 
mately 25% written. This is closer to the percent of the 
screen which is written in an ordinary alphanumeric mes- 
sage. Using line pairs the screen is nominally 50% ^vrit- 
ten. 

Interpreting Resolution 

There are many methods of ascertaining resolution, but 
the following factors should be kept in mind: 

(1) A total resolution may be derived from the center 
specific resolution multiplied by the length of the display. 
This is usually an optimistic value, because the resolution 
is usually poorer off-center. 

(2) Sometimes total resolution is derived from the inte- 
gral of the various specific resolutions across the tube, mul- 
tiplied by their respective distances over which they apply 
(sum of the actual maximum number of lines of varying 
w'idth that can be fitted across the tube). This is hard to 
do, since the lines must be generated one at a time, and 
tried for “fit”, to observe if the defocused width put it 
at the correct spacing from the preceding line, etc. This 
method, because of averaging, is close to a realistic num- 
ber. 

(3) Total resolution is derived from the worst case spe- 
cific resolution multiplied by the length of the display. In 
a computer driven display this usually results in an over- 
ly conservative value. 

Noise 

When discussing noise consideration, let us note a gen- 
eral principle. A single written spot is not con.sidered ap- 
propriate for an “unambiguously written” message. More 
than one dot is needed to hav^e an economically sensible 



.signal-to-noise ratio. For example, 15 to 25 dots are re- 
quired to make up well-formed alphanumeric characters. 
A '“dash” on a graph would seldom be shorter than 5 dots 
in a row. 

In any system the effects of noise should be considered. 
If noise is defined as “anything which is not the message”, 
then there are four outstanding noise .sources to consider. 
1 he.se are discussed as they relate to direct-view bistable- 
storage tubes: 

( 1 ) Random noise on a recorded trace width due to the 
phosphor agglomerate variations. 

(2) Spots on the CRT which remain wu'itten ev^en after 
erasure. Since most messages use le.ss than 10% of the CRT 
area, the probaloility is high a permanently written spot 
won't coincide with a desired written spot. 

(3) Spots on the CRT w^hich remain xmw'ritten after the 
spot was excited properly \vith the writing gun (drop-out). 

(4) Spots which appear after the me.s.sage has been wu'it- 
ten for a period of time (fade-up). 

The “bridging” specification and specifying the accept- 
able size and numi)er of spots ^vhich may appear bright 
lakes care of the first tw'o considerations. Drop-out is cov- 
ered by specifying the number of dots that may be missing. 
Specifying contra,st ratio after 15 minutes takes care of the 
last consideration. 

Summary 

Defining re.solution in terms of line pairs has some ad- 
vantages. Becau.se the term has a history from the field of 
optics, it is less ambiguous than lines, which then raises 
the questions: TV lines? Kell effect corrected? etc. Line 
pairs implies that there arc written and non-written lines 
laid down on a uniform grid w4iere the center-to-center 
.spacing of the written lines is uniform, and the space be- 
tween written lines (unwritten lines) is equal to the nominal 
written line width. The actual width of the line and the 
line space sections vary .somewTat but the line pair wadth 
is constant. Because of flood-gun collimation considera- 
tions, Tektronix tests with dotted lines rather than continu- 
ous line pairs. This results in a nominally 25% written field 
and allows testing under conditions similar to tho.se en- 
countered in information display usage. 

The Tektronix Type 601 and 611 Storage Display Units 
employ new’ direct-view bistable-storage tubes. These in- 
struments are designed specifically for information display 
and resolution is specified in terms of the number of line 
pairs resolvable in the X and Y axis. Defining resolution by 
this method appears to provide the most meaningful in- 
formation to those concerned wdth this application. 



For further information on Tektronix Display Units refer to pages 
231-226 of Catalog 71 11968} and consult your Field Engineer. 
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TRACE WIDTH 




Circuit 

Concepts 

from 

Tektronix 



The Circuit Concepts Program at 
Tektronix was initially established 
to fulfill an internal training need. 
A body of literature was needed to 
assist in the training of Field Engi- 
neer Trainees. As the program 
evolved, the material developed ap- 
peared excellent for customer use. 
As a result, a series of Tektronix 
Circuit Concept books are being 
created which will be helpful to 
many customers. 

The intent was to develop a for- 
mat til at would be a reference book 
for various categories of informa- 
tion. The book is a convenient size 
(6 X 9) and is indexed for quick 
reference. Should you wish further 
information on Tektronix Circuit 
Concepts, contact your local Field 
Engineer. 

The material on pages 13 and 14 
is taken from “Cathode-Ray Tubes’’ 
and is indicative of the content. The 
other title currently available is 
“Storage Cathode- Ray Tubes and 
Circuits”. 



The term “trace width” has been 
used in a general sense without def- 
inition. A line or spot on a CRT is 
not uniform in lirightne.ss but is bright- 
est in the center and decreases in 
brightness toward the edges. The dis- 
tribution of the electrons in the beam 
causing the trace or spot are concen- 
trated in the center and the density 
decreases toward the edges. This vari- 
ation in i)righlness presents a problem 
in answering the question, “How wide 
is the trace?” 




Fig 8-4. Gaussian distribution of trace 
width. 

A solution (though not the only one) 
is to assume the distribution is Gaus- 
sian (fig 8-4) and use a shrinking 
raster method of making the measure- 
ment. This method requires a raster 
(our example uses 11 lines — fig 8-5). 
The measurement is made by shrinking 
the raster down until the 50% points 
of l)rightness on two adjacent lines 
merge. This 50% point is achieved 
when the dark line between the traces 
first disappears. The width of the 




Fig 8-5. Raster to measure trace width. 

raster is measured and the resultant 
trace width is 1/11 of the width. This 
yields a trace width measured between 
the 50% brightne.ss points (fig 8-6). 
.All CRT data is taken by this method. 




Fig 8-6. Trace width measurement using 
50% brightness points. 
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HUMAN EYE RESPONSE 

An important factor in selecting a 
phosphor is the color or radiant en- 
ergy distribution of the light output. 
The human eye responds in varying de- 
grees to light wave length from about 
400 to 650 nanometers or from deep 
red (650 nanometers) to violet (400 
nanometers). The human eye is peaked 
in its response in the yellow-green re- 
gion at about 555 nanometers and falls 
off on either side in the orange-yellow 
area to the right and the blue-violet 
region to the left (fig lO-l). The eye 
is not very receptive to deep blue or 
red. 




Fig 10-1. Standard luminosity curve. 



If the cjuantity of light falling on 
the eye is doubled, the brightness “seen’' 
by the eye does not double. The bright- 
ness of a color tone as seen is approx- 
imately proportional to the log of 
energy of the stimulus. 

The response of the eye to various 
colors is believed to be due to the con- 
struction of the eye. One theory is that 
the cones of the retina respond to 
color stimuli and that each cone con- 
sists of three receptors. Each receptor is 
believed to respond to a different wave 
length of visible light; a yellow-blue, 
a red-green and a black-wdiite receptor. 
An average can be taken of the color 
response of many people and a “stand- 
ard” response curve for an average per- 
son, as show-n in fig 10-1, can be com- 
piled. 

The term luminance is the photo- 
metric equivalent of l)rightness and 
is based upon measurements made wdth 
a sensor having a spectral sensitivity 
curve corrected to that of the aver- 
age human eye. The unit commonly 
used for luminance measurements is 
the foot lambert. The term luminance 
implies that data has been measured 



in a manner, or has hoen so corrected, 
to incorporate the CIE standard eye 
response curve for the human eye, 
CIE is an abbreviation for “Commis- 
sion Internationale de I’Eclairage” (In- 
ternational Commission on Illumina- 
tion). The luminance graphs and ta- 
llies are therefore useful only when 
the phosphor is Ijeing viewed visually. 



PHOSPHOR BURNING 

When a phosphor is excited by an 
electron beam having an excessively 
high current density, a permanent loss 
of phosphor efficiency may occur. The 
light output of the damaged phosphor 
wall be reduced and in extreme cases 
complete destruction of the phosphor 
may result. Darkening or burning oc- 
curs w'hen the heat developed by elec- 
tron iDombardment cannot be dissipated 
rapidly enough by the phosphor. 

The two most important and con- 
trollable factors affecting the occur- 
rence of burning are beam-current 
density (controllable with the Intensity, 
Focus and Astigmatism controls) and 
the length of time the beam excites a 
given section of the phosphor (con- 
trollable with the Time/Div control). 
Under normal conditions in CRT’s whh 
grid unblanking, the amlhent voltage on 
the control grid will hold the tube in 
cutoff and no spot will be present on 
the screen. 

When the sweep is triggered, the un- 
blanking pulse turns on the gun and 
if everything else is \vorking properly 
the beam can l:>e seen as it moves across 
the screen. But what if the horizontal 
amplifier is inoperative? The horizontal 



plates ^s•ill not receive a signal under 
that condition and the beam will not 
!.)e deflected but it will be turned on 
by the unl)lanking pulse. Result? — 
possibly a burn mark on the screen! 

'Fhe Intensity control can be adjusted 
to o\’crride the normal cutoff condition 
of the gun in the ab.sence of an un blank- 
ing pulse in a CRT using grid un- 
blanking. If this is done, a spot of 
reasonable intensity will be seen on the 
face of the CRT. If the sweep is now 
triggered, an imreasonaldy bright spot 
will occur. Result? — you gues.sed it — 
a burn mark. 

Rcmeml)er, burning is a function of 
intensity and time. Keeping intcn.sity 
down or the time short will save the 
screen. 

-Any phosphor can be burned but 
some more easily than others. Phos- 
phors )uay l)c divided into three groups 
when considering their burn resistance: 

Group 1 ]3hosphors are easily burned 
and should be used with care. Group 
2 phosphors are about 10-100 times 
more difficult to burn than those in 
Grotip 1, so normal care should be 
exercised. Group 3 phosphors are about 
100-1000 times more difficult to burn 
than those in Group 1. A P3l phos- 
phor is quite difficult to burn. In 
fact, you really have to want to damage 
the phosphor even with a lOkV tube. 

The typical phosphor is about 10% 
efficient. This means that of the total 
energy from the beam, 90% is con- 
verted to heat and 10% to light. A 
phosphor must radiate the light and 
dissipate the heat; or as any other sub- 
stance, it will burn. 



Burn 


Resistance of Common Phosphors 


Group 1 


Low (easily burned) 


P12, P19, P26, P33 


Group 2 


Medium (moderate) 


P2, P4, PI, P7, P11 


Group 3 


High ( hard to burn ) 


P31, P15 
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Service Notes 



Tony Bryan of our Long Island 
Field Office offers this suggestion. 

QUICK CHECK FOR TUNNEL 
DIODES 

A method of tunnel diode evaluation 
using your Tektronix Type 454 Oscil- 
loscope without special attachments is 
offered by the following setup. 

Many times, in troubleshooting, sub- 
stitution of components is recom- 
mended as a quick analysis of the 
circuit malfunction. Many times ex- 
pensive tunnel diodes are not at hand 
to make a substitution. 

A quick evaluation of the tunnel 
diodes’ ability to switch and at what 
current level it does switch often helps 
in the troubleshooting process. 

Using a Type 454, the TD may be 
evaluated using the sawtooth out as 
a current source for the TD. A 670- 
ohni resistor from the sawtooth out 
connector in series with the TD to 
ground will give a calibrated current/ 



div horizontally of 1 mA/div. The saw- 
tooth voltage goes from 0 volts to 10 
volts. Therefore the horizontal dis- 
play becomes current /div. Looking at 
the voltage drop across the diode will 
give a vertical display of the low volt- 
age/high voltage states of the diode. 

The display does not give an indi- 
cation of switching time but confirms 
that the device has the ability to switch 
at the correct current level and will 




Fig 1 TD3A (4.7 mAj 
horiz 1 mA/div : Verf .1 V/div 



probably perform normally in its in- 
tended circuit. 

Figure 1 (photo) shows a TD meas- 
ured on the Type 454 using the 10-V 
A SWEEP output voltage, through 
670 ^2 (plus 330 ^2 source) to calibrate 
1 mA/div horizontally. 




DECORATIVE INSERT REPAIR 

Decorative inserts or strips are used 
to cover certain screw' and bolt heads 
on the outside of many of our instru- 
ments. The strips are^ installed with 
3M EC 847, a rubber contact cement. 
An equivalent adhesive, such as rub- 
ber cement, will do the job wdien re- 
placement is nescessary. 



USED INSTRUMENTS FOR SALE 

l__Type 517, SN 268; 1— Type 517, 
SN 483. Both in fair condition. Price: 
$200 each. Contact: Richard J. Pasco, 
Litton Industries, 1035 Westminster 
Drive, W4 1 1 ia mspo r t , P e n n s y 1 v a n i a 
17704. Telephone: (717) 326-3561. 

1 — -Type 561/63/67. Contact: Plarold 
Rapp, Dialight Corporation, 60 Stew- 
art Avenue, Brooklyn, New' York 
1 1237. Telephone: (212) 497-7600. 

1— Type 531 A, SN 026463; 1— Type 
H, SN 015488; 1— Type D, SN 025- 
698. Contact: G. W, Bandy Company, 
3086 N. .Avon, Burbank, California, 
Telephone: (213) 846-9020, 849-2962 

or 767-6066. 

1 Type 564/3S76/3T77; 1 — Type 
109; 1 — Type 201-1. Been used only 
4 hours. Two years old. Total pack- 
age: $2700. Contact: Dr. Frank Avig- 
none. Physics Department, University 



of South Carolina, Columbia, South 
Carolina 29208. Telephone: (803) 

765-4121. 

1-^Type 526. Excellent condition. 
Price: $1325. Contact: KVOS, attn. 

John Price, Bellingham, Washington. 
Telephone: (206) 734-4101. 

I — Type 531 A; 1 — Type B Plug-in; 
1 — Type D Plug-in. Excellent condi- 
tion. Contact: .Ash Brown, 246 Cam- 
bridge, Kensington, California 94707. 
Telephone: (415) 524-3005. 

l—Tvpe 107, SN 002436; 1 — Type 
TU2,'SN 001765; 1—Type P, SN 002- 
517. Contact: Jack Kane, Jr., Electro 
Optical Systems, 300 N. Halstead .Ave., 
Pasadena, California 91107. 

1 — Type 317, SN 211. Contact: Mike 
Croslin, International .Applied Science 
Labs., 510 South Franklin Street, 
Hempstead, New' York 11550. Tele- 
phone: (516) 483-5494. 



USED INSTRUMENTS WANTED 

1 — Type 531 or 1 — Type 515 or A 
series o.scilloscope and 1 — Type B 
Plug-in Unit. Contact party at (714) 
526-5281, Fullerton, California. 

1 — Type 104 or 1 — Type 105. Con- 
tact: Roy Lang, Jr., 1003 Reseda 

Drive, Flouston, Texas 77058. Tele- 
phone: (713) 483-2093. 

1 — Type 535 A, 1 — Type 545, 1 — Type 
547 or 1 Type 647 Oscilloscope wdth 
dual-trace plug-in: Contact: Vern 

Baker, TAME Company, Inc., 813 S. 
4th Street, La Porte, Texas. Tele- 
phone: (713) 471-3069. 



REFERENCE TABLE 

Reference information for Tektronix At- 
tenuators, Terminators and Adapters has 
been condensed for your convenience. By 
cutting along the doffed lines, the fable 
on page 15 can be detached for use on 
your bench. 
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BASIC FUNCTIONS OF ATTENUATORS, TERIVIINATIONS, AND ADAPTERS 



I PERFORMANCE 
i CHARACTERISTICS 

[ ACCURACY OF INDICATED ATTEN- 
I UATION RATIO: 

^ TYPE 

j UHF ±2% at DC; ±3% at 

* 100 megahertz 

i GR ±2% at DC; ±3% at 

I 1 gigahertz 

I TEKTRONIX ±2% at DC; ±3% at 

I 125-1^ 1 gigahertz 

I BNC ±2% at DC; ±3% at 

I 100 megahertz 



VOLTAGE STANDING WAVE RATIO: 

TYPE 

UHF less than 1.2 up to 100 

megahertz 



GR 

TEKTRONIX 

125-n 

BNC 



less than 1.1 up to 1 
gigahertz 

less than 1.1 up to 1 
gigahertz 

less than 1.1 up to 100 
megahertz 




ATTENUATORS — 7 wo types ore Included under this designofion, the T type and the 
m/n/mum-/oss type. 



T-TYPE~Mointain the proper impedance match between the signal source and the input 
to on instrument while attenuating the signal by an indicated ratio. T-fype attenuators 
must have a load of the correct impedance to give the indicated attenuation ratio. 




MINIMUM-LOSS TYPE — Provide a convenient means of matching a source or load with 
cobles of different characteristic impedances. Tektronix m/n/mum-/oss attenuators assure 
proper matching, with a minimum loss of signal strength. 



I POWER RATING: 
I TYPE 



UHF 


1.5 watts. 


GR 


1 watt. 


TEKTRONIX 125-^ 


1 watt. 


BNC 


0.5 watt. 



I OUTPUT TO INPUT VOLTAGE 

I RATIOS FOR MINIMUM-LOSS 

j ATTENUATORS: 

I When properly terminated the Eout/Ein 
I rot/os for the various minimum-loss ot- 
‘ tenuotors ore as follows: 



Connection 


Eo'jL/Ein 


son 75 n 


0.63 


75 n 50 n 


0.42 


son 93 n 


0.59 


93 n -> 50 n 


0.32 


son 125 n 


0.56 


125 n son 


0.23 


son ^ 170 n 


0.54 


170 n-^ son 


0.16 


All attenuators, with the 


exception of 



mum-loss types, are T-type attenuators. 




TERMINATIONS — Terminate a cable in Its characteristic impedance. Improper termina- 
tion, or no termination, can cause ringing, reflections, and other adverse effects. Tektronix 
50-n and 125-El instruments have built-in ferm/naf/ons. 




ADAPTERS — Connect cobles of different characteristic impedances and different con- 
nectors. They are used only where Impedance matching is not important. Tektronix adapt- 
ers use the letter N to designate a non-terminated end and the letter T to designate a 
terminated end. 



Printed in U.S.A. GAC 4/68 
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The FET takes its place 




The P6045 XI FET Probe is shown here with the P6006 X10 Probe. Note that the 1.5 ns P6045 with its active components and pro- 
tective circuitry is smaller than the conventional passive probe. 



COVER 

Tektronix photographer 
Larry Jackson spotlights 
some of the FET's used in 
current Tektronix instru^ 
ments. 



The field-effect transistor is appearing in Tektronix in- 
strument input stages with increasing frequency. Its 
high input impedance combined with the solid-state 
characteristics provide superior performance that has 
not previously been available. This article discusses some 
of the reasons for the widespread use of FET’s in current 
Tektronix instruments. 



© 1968, Tektronix, Inc. All Rights Reserved. 
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Two years ago Tektronix introduced its first product 
using Field-Effect Transistors (FET’s). Although Tek- 
tronix engineers had been evaluating and testing FET’s 
since 1962, this was the first design that had proven 
completely feasible. The protective circuits required 
for an input design had been developed and refined 
in addition to the normal FET circuit operating con- 
siderations. The product was the Type 282 Pi'obe 
Adapter which was designed to allow the use of con- 
ventional probes with Tektronix 50-0 Sampling Instru- 
ments. A junction field-effect transistor was the logical 
choice for this useage since high input impedance was 
required and the probe power available at the sampling 
unit was limited. In addition, size was important as 
the 282 was designed to mount on the input connector. 

Since that time, FET’s have appeared in 26 other prod- 
ucts at Tektronix. Many of these were designed with 
FET’s initially; others that were designed before FET’s 
were feasible have been converted to FET design. 



1. High input impedance — input terminal looking 
into a reverse-biased junction. 

2. Very low drift (when properly compensated). 

3. Solid-state reliability. 

4. Noise — no microphonics — careful circuit design can 
decrease noise over other devices. 

5. No apparent aging characteristics. 

6. Small size allows miniature design. 

7. Less power dissipation — filament supply not re- 
quired. FET drain voltage required is less than 
tube plate voltage required. 

As might be suspected, all the advantages of FET’s 
do not come without some disadvantages. Their major 
disadvantage as an input device is the sensitivity to 
overload. FET’s typically cannot withstand the abuse 
that vacuum tubes can handle. Because the FET has 
temperature-sensitive parameters, matching is used in 
critical applications. Tightly matched dual-FET’s are 
now available from manufacturers to help solve this 
problem. 



What characteristics does the FET possess that cause 
it to be popular in instrument design at Tektronix? 
Its major use is as a solid-state high input impedance 
device. Tektronix circuitry has been predominantly 
solid state for some time now, but there has not been 
a suitable solid-state input device until the junction 
FET was available. Since oscilloscope design requires 
a number of high input impedance device applications, 
FET’s are a logical choice. The major advantages of 



Once the design problems are solved (temperature 
compensation, bias tracking and protective circuitry to 
mention a few), performance may be obtained that 
is not available with any other device. FET’s are espe- 
cially useful in high-gain low-noise DG-coupIed ampli- 
fiers with high common-mode considerations. The chart 
below compares some of the relative characteristics of 
tubes, junction FET’s and insulated-gate FET’s. 



junction FET’s might be listed as 


follows ; 


(continued on page 6) 




Characteristics 


Tube 


Junction FET 


Insulated Gate FET 


Input Impedance 


High 


High 


Very High 


Noise 


Low 


Low 


Unpredictable 


Warm-up Time 


Long 


Short 


Short 


Size 


Large 


Small 


Small 


Pov/er Consumption 


Large 


Small 


Small 


Aging 


Noticeable 


Not Noticeable 


Noticeable 


Bias Voltage 

Temp Coefficient 


Low, 

Not Predictable 


Low, 

Predictable 


High, 

Not Predictable 


Typical Gate/Grid 
Current 


~1 nA 


~.l nA 


~10 pA 


Gate/Grid Current 
Change With Temp 


High, 

Unpredictable 


Medium, 

Predictable 


Low, 

Unpredictable 


Reliability 


Low 


High 


High 


Sensitivity to 


Very Good 


Good 


Poor 



Overload 
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FET Review 



The FET may be referred to as a 
unipolar device compared to the “com- 
mon” bipolar transistor. FET’s use 
only one carrier type, majority car- 
riers, while bipolar transistor operation 
requires both minority and majority 
carriers. 

Fig 1 shows the basic lead configuration 
of the junction FET and illustrates the 
basic polarities for an n-channel de- 
vice. The arrow points in the direction 
of conventional current flow across the 
p-n junction and normal voltage bias 
for the junction is always a reverse 
bias. Fig 2 compares the similar ele- 
ments of vacuum tubes, transistors and 
FET’s. 



The field-effect transistor is a single 
junction device made-up with a source- 
to-drain material (the majority-carrier 
path) doped in either the “n” or the 
opposite direction. By applying volt- 
age so as to oppose the majority car- 
riers in the channel, the device is back 
biased. A negative voltage applied to 
the gate opposes electron flow in n- 
channel material and a positive volt- 
age opposes hole flow in p-channel 
material. Under these conditions, the 
n-channel or p-channel material be- 
comes a constrictive layer of dielectric 
material past which majority carriers 
must flow and can thus be controlled. 
Fig 3 indicates the polarities required 



for normal operation of both n-channel 
and p-channel FET’s, 

The junction FET is a “depletion” 
type device. Drain-to-source conduc- 
tion is controlled by “depleting” the 
channel with reverse junction bias. For- 
ward gate bias results in p-n junction 
forward current, and is not the desired 
mode of operation for the device. Fig 
4 illustrates the effect on drain-to- 
source conduction as back bias is varied. 

If the gate remains reverse biased, very 
little gate current flows so the con- 
trol power is very small. The drain- 
source path may conduct current heav- 
ily however. The result is a basic device 
which is capable of very large current 
gain, substantial voltage gain, and thus 
a very large power gain. 

Fig 5 illustrates the drain character- 
istics of a typical n-channel FET. To 
obtain these, the grounded emitter 
(source) mode of a Type 575 is used 
with NPN polarity. The base step gen- 
erator is used in — POLARITY and a 
1 kfZ, \% resistor is connected between 
the base-and-emitter connections in 
order to convert base current in mA to 
gate voltage in volts. (See page 14) 




Fig 1 N-channel device and definitions. 




Fig 2 Comparison of basic lead terminology of FETs, transistors, and vacuum tubes. 
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The result is a plot of drain current 
vs drain-to-source voltage for various 
gate voltages. 

Note that the zero-biased curve is the 
highest current and succeeding curves 
result in turning the device off. The 
zero-biased characteristic in the A to 
B region can be understood by con- 
sidering the conduction channel as the 
drain voltage is increased (see fig 5). 
For point A, where there is no bias on 
the device, there are only narrow de- 
pletion regions caused by the “contact” 
or “barrier” potential of the p-n junc- 
tion. 

The slope of the I vs V curve at point 



A is simply the conductance of the bulk 
n channel. As the drain-voltage in- 
creases, the gate-to-channel junction be- 
comes increasingly reverse-biased at the 
drain end of the channel and the de- 
pletion region extends into the channel 
at this end. The depletion region is 
void of free carriers and is a space- 
charge region consisting of positive, 
immobile, impurity ions. Because the 
conduction channel becomes narrower 
as drain voltage is increased, the in- 
cremental conductance decreases until 
at point B the depletion regions nearly 
meet. At this point the gate-drain chan- 
nel is said to be “pinched off” and fur- 
ther increase of drain voltage results in 
little additional drain current. 



FET’s are usually used in the regions 
to the right of B (fig 1) in the “drain 
pinch off” or “drain current satura- 
tion” region. Here the output resistance 
is very high since the current remains 
almost constant for large changes in 
Vds. Note that in this region of its 
characteristic curve, the FET has an 
effective Rp approaching infinity. 

The area to the left (where an increase 
in V results in an increase in I — close 
to the graph axis) is termed the “ohmic 
region.” In this region the output re- 
sistance is relatively low but is con- 
trolled by the gate voltage. 

The IGFET’s (insulated-gate), some- 
times called MOSFET’s (metal-oxide- 
insulated), separate the gate and chan- 
nel with a layer of intrinsic material. 
As temperature increases on this de- 
vice, the channel apparently increases 
also as it starts to include some of the 
insulating layer into the main channel. 
The IGFET reacts more to changes 
in temperature than the regular FET’s 
even though they do away with leak- 
age currents in the gate circuit. Fig 6 
indicates the symbol used by Tektronix 
for an n-channel device. § 5 




Fig 6 Tektronix symbol for n<bannel | 
IGFET. I 





Fig 5 Drain characteristics of FET. 



5 




In the case of the P6045 FET Probe which was intro- 
duced at WESCON ’66, the FET was a necessity. The 
field-effect transistor, along with its protection cir- 
cuitry, was designed into a package that was com- 
patible with Tektronix miniature probes. This minia- 
ture probe, shown on the inside of the front cover, had 
size, power and input Z requirements that only a FET 
could meet. 

Tektronix sampling and digital circuitry makes ex- 
tensive use of field-effect transistors. Memory slash 
(memory vertical drift when sampling gate is closed) 
used to be a limitation with low repetition rate signals. 
Because of the low leakage characteristics of FET’s 
this is no longer a problem. The use of FET’s in sam- 
pling preamplifier circuits provides better noise per- 
formance. Since FET’s have become practical, the 
sampling preamplifier is no longer a significant source 
of noise. 

In the case of the Type 611 Storage Display Unit, the 
FET was used for yet another reason. The Type 611 
uses the FET as a square-law device. The dynamic 
correction circuitry necessary for the high resolution 
this instrument provides, requires an P output from 
an E input. The FET is a square-law device that pro- 
vides this characteristic in a single stage. The alterna- 
tive was two transistor stages with the additional cir- 
cuit complexity and cost. 

FET’s are used in the Type 410 Physiological Monitor 



for a number of reasons. One design consideration of 
the Type 410 concerned its rechargeable power pack. 
Field-effect transistors allowed the input circuit to 
operate effectively at 17 volts (10 standard 1.7-volt 
rechargeable cells). A vacuum-tube input in this cir- 
cuit would have required a minimum of 25 volts, thus 
increasing the expense and weight of the power supply. 
At the same time the FET’s contributed to a better 
common-mode design and assisted in a unique patient 
protection circuit. 

In the case of the Type 453, FET’s improved overall 
circuit operation. Vertical drift was much reduced, re- 
liability increased (elimination of microphonics, aging 
and shock) , and the power requirement reduced by 
removing the vacuum-tube front end. Since the Type 
453 is widely used in field service the reduced warm- 
up time is also desirable. 

The use of FET’s in plug-in vertical preamplifiers can 
increase overall performance and reliability. Perform- 
ance of the Type 1A7A shown below represents a sig- 
nificant improvement from previous high-gain differ- 
ential DC-coupled amplifiers. Maximum short-term 
drift is specified at 5/j.V/minute and tangential noise 
is 15 iiV at 10 {iV/cm sensitivity and 1-MHz band- 
pass. FET design also allowed the elimination of a 
highly regulated 6,3~V filament supply that further 
simplified design and increased reliability. The input 
circuit of the 1A7A is fused against accidental severe 
overload as the simplified diagram below shows. 




Above 

Type 1A7A High-Gain Differential Unit 
Right 

Simplified Protection circuit for Type 
1A7A. 




Assume a steadily increasing positive voltage at the input. The floating power 
supply voltages continue to rise with the input. When the gate voltage of Q1 
approaches approximately 23V, D1 turns on and clamps the gate, drawing 
current through FI, When the current through F1 exceeds 1/1 6A the fuse 
opens, removing the overdrive from the circuit. 

With a negative voltage whose magnitude is steadily increasing at the input, D2 
turns on when the signal approaches approximately— 7.6V and draws current 
through the — 7V supply. The — 7V supply becomes more negative (follows the 
input), causing the remaining supply voltages to go in the negative direction 
and Q2 cuts off. When the overdrive voltage becomes approximately— 27V, the 
collector to base junction of Q3 becomes forward biased and conducts the over- 
drive current through D3. F 1 opens when the current exceeds 1 /1 6A. 
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MAJOR FET CONTRIBUTION 



GROUP 


TYPE 


CHARACTERISTICS 


/ 


0^/ / 


V/ 




.<5’ 4? 


PROBES 


282 


50 a to 1 MQ PROBE ADAPTER 




HI 


HI 


HI 






HI 




P6045 


DC-230 MHz FET PROBE 


HI 




HI 


HI 






HI 




P6046 


DC-100 MHz FET DIFFERENTIAL PROBE 


HI 


HI 


HI 


HI 






in 


GENERAL 


1A1 


DC-50 MHz DUAL TRACE 


HI 






HI 






m 


PURPOSE 


1A4 


DC-50 MHz FOUR TRACE 








HI 






m 


PLUG-IN 


1A5 


DC-50 MHz DIFFERENTIAL COMPARATOR 


HI 






H\ 






HI 


UNITS 


1A7A 


10/tV/cm DIFFERENTIAL 


HI 






HI 






m 




3A3 


100/xV/div DUAL DIFFERENTIAL 


HI 












m 




81A 


PLUG-IN ADAPTER 


HI 












m 


SPECTRUM ANALYZER 


1L5 


50 Hz-1 MHz SPECTRUM ANALYZER 


M 








HI 




HI 


PLUG-IN UNITS 


3L5 


50 Hz-1 MHz SPECTRUM ANALYZER 










HI 




f^ 


SAMPLING AND 


1S2 


90-ps TDR 






HI 


HI 


HI 






DIGITAL READOUT 


3S1 


DUAL-TRACE SAMPLING 


f 




HI 


f 


HI 




m 


INSTRUMENTS 


3S2 


DUAL-TRACE SAMPLING 


HI 




f 


in 


HI 




m 




SI 


350-ps SAMPLING HEAD 


HI 




HI 




HI 








S2 


50-ps SAMPLING HEAD 






HI 




HI 




m 




3S3 


DUAL-TRACE SAMPLING PROBE 






HI 


HI 






m 




3T2 


RANDOM SAMPLING SWEEP 


HI 




H^ 


f 






m 




230 


DIGITAL READOUT 


HI 












HI 




568 


READOUT OSCILLOSCOPE 














m 


PORTABLE 


323 


DC-4 MHz 


HI 


HI 


HI 


H^ 




HI 


f 


INSTRUMENTS 


453 


DUAL-TRACE 50 MHz-SWEEP DELAY 


HI 


HI 


HI 


H^ 






m 


MONITORS 


410 


PHYSIOLOGICAL MONITOR 




HI 


HI 






HI 


m 


TV INSTRUMENTS 


520 


VECTORSCOPE 


M 




HI 


H^ 






m 


DISPLAY 


601 


STORAGE DISPLAY UNIT 


HI 












m 


UNITS 


602 


DISPLAY UNIT 


HI 












m 




611 


STORAGE DISPLAY UNIT 


HI 












m 



All of the preceeding designs discussed in this article 
have used junction FET’s. Although the junction FET 
is the device best-suited for most oscilloscope designs, 
Insulated-Gate Field-Effect Transistors (IGFET’s) are 
used in one Tektronix instrument. 

The memory performance of Tektronix digital readout 
instruments has been improved with the use of an 
insulated-gate FET in the memory circuits. The ex- 
tremely low leakage of these devices has contributed 
substantially to the improved performance and more 
accurate readout of the Type 230. The chart above 



shows those Tektronix instruments that incorporate 
FET’s. 

The Field-Effect Transistor is a welcome addition for 
the design engineer. Its high input impedance charac- 
istic in addition to its solid-state properties of low 
power dissipation, small size, reliability, noise character- 
istics, etc. allow performance improvements in many 
circuits. The FET is replacing input vacuum tubes in 
much the same manner that bipolar transistors re- 
placed vacuum tubes. Further evolution of the FET 
will surely result in even more FET circuits in oscillo- 
scope applications. 
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Roger Loop, Tektronix technician, monitors 
a delaying-sweep display on a Type 547. 



DELAYING SWEEP 

The accuracy of time measurements taken 
from an oscilloscope is primarily limited to the 
accuracy of the oscilloscope time base. Al- 
though measurements may be made directly 
from the graticule of the CRT more accuracy 
is possible using delaying sweep. This article 
discusses time interval measurements using the 
precision delayed sweep. 
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Introduction 

Delaying-svveep measurements are based on the use of 2 
linear calibrated sweeps. The first sweep, commonly called 
the delaying sweep, allows the operator to select a specific 
delay time. When this time is reached, the delayed sweep 
starts. The delayed sweep typically is a decade or two faster 
than the delaying sweep and offers additional resolution. 



The combinations of these two sweeps offers extra resolu- 
tion and increases accuracy of time-interval measurement. 

To understand delaying sweep operation, it is necessary 
to understand the time relationship between the delaying 
sweep and the delayed sweep. To illustrate, an event occurs 
that starts the delaying sweep at ty. The delaying-sweep 
voltage ramp is applied to a voltage comparator that pro- 




Fig 1 Block diagram of delaying sweep oscilloscope. 




Fig 2 Delaying sweep oscilloscope circuit relationships. 



duces a trigger pulse at a later point in time, t^. This trig- 
ger pulse occurring at t^ starts the delayed sweep. Delay 
time, then, may be defined as the difference in time be- 
tween the start of the delaying sweep and the start of the 
delayed sweep and can be expressed as t^ — to. 

The accuracy of delay time is basically determined by the 
delaying sweep and the potentiometer which sets the thresh- 
old level of the comparator. The horizontal amplifier and 
CRT do not affect the accuracy of delay time. An intensi- 
fying pulse indicates where the delayed sweep starts with 
respect to the delaying sweep, and so delay time can be 
determined independently of horizontal amplifier and CRT 
considerations. The portion of the delaying sweep that is 
intensified is a direct function of the duration of the de- 
layed sweep as shown in fig 2. 

Oscilloscope time-interval measurements usually involve 
finding the period of time between two events. By adjust- 
ing the delay-time multiplier (DTM), which controls a 
potentiometer in the comparator ciixuitry, the delay time 
from the start of the delaying sweep to both events is de- 
termined. The time between these events is the difference 
between their corresponding delay times. 

The resolution of these delay times can be improved, thus 
improving the time-interval measurement accuracy, by driv- 
ing the horizontal amplifier with the delayed sweep. The 
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DELAY TIME 




DELAYING 

SWEEP 



VOLTAGE 

COMPARATOR 



DELAYED 

SWEEP 



HORIZONTAL 

AMPLIFIER 



Fig 3 Delayed sweep mode. 



VARIABLE 

TIME/CM OR DELAY TIME 



DELAY-TIME MULTIPLIER 



intensified portion of the delaying-sweep presentation is 
now displayed over the full CRT display. In the case of 
fig 2, this appears as a lOX magnified display since 1/10 



of the original waveshape time is now displayed over the 
same graticule area. A delaying-sweep oscilloscope, then, 
acts as a magnifier whose magnification power is the ratio 
of the delaying-sweep rate to the delayed-sweep rate. 

delaying sweep rate 

Magnification = ^ 

delayed sweep rate 

1 ms/cm 
1 jus/cm 
10-3 

= 1000:1 



Fig 4 illustrates the use of delaying sweep to magnify a 
signal lOOOX to allow closer examination of leading edge 
detail. Oscilloscopes such as the Tektronix Type 547 can 
provide a dual display of these two sweep rates. This is 
accomplished by using an internal multivibrator to switch 
between sweep rates and is referred to as automatic display 
switching. 



Fig 4 Display magnified WOOX resolves two pulses from apparent 
single pulse. 



Fig 5 Determining delay time — pulse L 



Fig 6 Delay time reading. I ms x 3.27 ~ 3.27 ms. 
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Fig 7 Deferm/n/ng delay time — pulse 2. 



Time-Interval Measurements 

The example in fig 5 illustrates a typical time-interval meas- 
urement. Note the intensified portion of the lower wave- 
form which is displayed in magnified form above it. The 
delay time associated with this event is determined by mul- 
tiplying the delay time of 1 ms by the DTM reading of 3.27, 
as shown in fig 6. By turning the DTM until the next event 
is intensified and the upper waveform is in the same rela- 
tive graticule position as before, a display like fig 7 is seen. 
If the delay time of this event is 7.47 ms, then the time 
interval may be computed. 

It is not necessary to determine the actual delay time of the 
start of the event as indicated by the start of the intensified 
portion of the lower waveform. However, in both cases 
the DTM is adjusted until the magnified portion of both 
events is in the same relative graticule position. In the 
examples shown, the center (or 5-cm point) of the graticule 
is used. Any point on the graticule may be used as long as 
it is the same point for both events. 

The difference between these two delay times is 4.20 ms 
and corresponds to the period of time between the two in- 
tensified events. Each minor division on the DTM repre- 
sents 0.01 ms, which also represents the resolution of the 
delay time. Measuring with the graticule, the resolution is 
approximately 0.1 ms or reduced by a factor of ten. Fig 8 
shows the same two events with a sweep rate of 1 ms/cm. 

In fig 8, each minor horizontal graticule division corresponds 
to 0.2 ms. The time between the two events as read from 
the graticule is 4.2 ms. Making a graticule measurement, 
only one number past the decimal is significant because of 
the limitations in resolution due to trace width and display 
size. Thus the delaying-sweep method offers the additional 
resolution of an extra significant number. 

Percentage of Error 

In addition to improving resolution, the delaying-sweep 
method reduces percentage of error. The graticule method 
depends upon the oscilloscope’s ability to line-up precision 




Fig 8 Determining time between events by graticule measurement. 




Fig 9 Basic error sources. 



time-markers with major graticule divisions, and is subject 
to errors contributed by nonlinearity in the horizontal am- 
plifier and CRT. The delaying-sweep method uses the CRT 
as a nulling device that does not affect the measurement 
accuracy. 

The accuracy of the graticule method is determined by the 
accuracy of the sweep as observed on the graticule. With 
an accuracy of ±3%, the 4.2 ms in the previous example 
has a maximum possible error of ±0.126 ms. This type of 
error is easy to calculate because the ±3% specification 
normally includes both a timing or rate error and a non- 
linearity factor. The delaying-sweep method also has these 
same basic factors which contribute to possible errors, al- 
though they are more complex in nature. Since the voltage 
ramp of the delaying sweep is the basic time base used in 
the delaying-sweep method, the basic sources of error in 
time-interval measurements can be illustrated as shown in 
fig 9. 

The dotted line represents a no-error condition, while the 
linear solid line represents the average rate error due to 
differences of the timing networks in the delaying sweep. 
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The nonlinearity factor varies about the solid line and rep- 
resents the actual delay time read on the DTM. This non- 
linearity factor is a combination of both sweep and potenti- 
ometer nonlinearity, and is usually expressed in terms of 
dial divisions on the DTM. Delaying-sweep percentage 
error is then calculated by using this figure and the per- 
centage figux*e for rate error. 

Percentages of rate error are typically expressed in terms 
of actual delay time and are usually better than the sweep- 
rate accuracy as read on the CRT, because they do not 
depend on the horizontal amplifier and CRT. Delay-time 
accuracy is typically within ±1%. Also, because the aver- 
age rate error lies totally on one side or the other of the 
no-error dotted line, the difference between any two delay 
times is accurate within —1%, plus or minus the nonlinear- 
ity factor in dial divisions. 

Another factor normally of lesser importance in making 
time-interval measurements is that of fixed delay. Fixed 
delay is a result of inherent circuit delays because the com- 
parator requires time to generate a trigger pulse, and the 
delayed sweep and trace intensifier require time to generate 
an intensifying pulse. At faster sweep rates, this fixed de- 
lay is an appreciable percentage of the delay time. At these 
faster sweep rates, the delay time can be expressed as ac- 
curate within ±1% plus some fixed delay such as 100 ns. 
Because the fixed delay is included in both delay times it 
does not affect the accuracy of a time-interval measurement. 
Fig 10 represents fixed delay as a displacement of the error 
curve. 




FIXED 

DELAY DELAY TIME 



Fig 10 Basic error sources — fixed delay. 

To calculate the error on the previous delaying-sweep meth- 
od of time-interval measurement, a nonlinearity factor of 
±2 dial divisions is assumed. Because the delaying-sweep 
rate is 1 ms/cm, the 100 minor dial divisions on the delay- 
time multiplier dial corresponds to 1 ms of time. Therefore, 
±2 minor dial divisions is equal to ±0.02 ms. 

If the delaying sweep rate is not changed, this nonlinearity 
factor remains ±0.02 ms regardless of the time increment 
measured. The total percentage of error is now ±1% of 



4.20 ms ±0.02 ms or ±0.062 ms. Note that this error is 
about half as large as that using the graticule method 
(0.1 ms). 

When using the delaying-sweep method, it is best to use 
the delaying sweep at the fastest possible sweep rate. The 
above ±2 dial divisions of nonlinearity factor then repre- 
sents the smallest possible error. If the delaying sweep 
rate is 0.5 ms/cm, then ±2 minor dial division is equal to 
±0.01 ms. This nonlinearity factor is only half as large 
as the previous one of ±0,02 ms. 

When measuring short time intervals, it is not always pos- 
sible to use the delaying sweep at a fast enough rate and 
still maintain a proper delaying sweep to delayed sweep 
ratio for the desired magnification. When this occurs, the 
graticule method may prove more accurate. For this reason, 
after using the delaying-sweep method, simply multiply the 
measured time interval by the delaying-sweep rate accuracy 
(as in the graticule method) and use the most accurate 
figure. In most cases, the delaying-sweep method will be the 
more accurate way of making time-interval measurements. 

Improving Accuracy 

Accuracy can be further improved by using a time-mark 
generator such as the Tektronix Type 184 to calibrate the 
DTM. By selecting time-marks so that accurate time-marks 
can be intensified and magnified for each ten major dial 
divisions, a calibration chart can be constructed for any 
delaying sweep rate that is needed. A calibration chart for 
a sweep rate of 1 ms/cm might look as follows: 



TIME MARKS 


DTM READING 


ERROR 


1 .0 ms 


1.000 


.000 


1.1 ms 


1.100 


.000 


1.2 ms 


1.200 


.000 


3.2 ms 

3.3 ms 


3.205 

3.305 


+ .005 


7.4 ms 

7.5 ms 


7.395 

7.495 


— .005 


8.8 ms 


8.800 


.000 


8.9 ms 


8.900 


.000 


9.0 ms 


9.000 


.000 


Fig 11 Calibration chart for optimizing accuracy. 





Since 0.1 ms represents only 1/100 of the total sweep, the 
actual error of the delay-time multiplier dial reading of 
3.27 ms can be considered dial division high or +0.005 





ms because both 3.20 ms and 3.30 ms contain this same error. 
For the same reason, the 7.47 ms reading can be considered 
low by the same amount or — 0.005 ms. Therefore, a more 
accurate interval of time elapsed between the two previous 
events is time= (7.47 ms + 0.005 m&) — (3.27 ms — 0.005 
ms) ~ 7.475 ms — 3.265 ms = 4.210 ms. 

The accuracy of this final time interval is limited only by 
the accuracy of the time-markers and the nonlinearity that 



occurred in 10 dial divisions of the delay-time multiplier 
dial. This accuracy can be held to ±0.1% quite easily. 

Summary 

The delaying-sweep method of time-interval measurements 
offer additional resolution and accuracy for most measure- 
ments. Understanding the limitations of delaying sweep, 
as well as the advantages, allows the user to determine if 
this capability is required. 



Service Notes 



FET BASING DIAGRAM 

Some confusion exists as to the different FET basing arrangements. The information 
below shows the basing for all of the FET’s currently being used in Tektronix instruments. 
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Tektronix PN 


Basing No 


Tektronix PN 


Basing No 


Tektronix PN 


Basing No 


Tektronix PN 


Basing No 


151-1001-00 


9 


151-1007-00 


4 


151-1013-00 


4 


151-1022-00 


1 


151-1002-00 


8 


151-1008-00 


6 


151-1015-00 


2 


151-1024-00 


10 


151-1003-00 


4 


151-1009-00 


4 


151-1017-00 


7 


151-1025-00 


11 


151-1004-00 


3 


151-1010-00 


4 


151-1018-00 


10 


151-1026-00 


3 


151-1005-00 


3 


151-1011-00 


4 


151-1019-00 


4 






151-1006-00 


3 


151-1012-00 


2 


151-1020-00 


4 
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Measuring FET's with a Type 



FET’s are iDecoming common in current 
Tektronix instruments and the need 
arises for a method of checking them. 
The following method will quickly 
determine whether a suspected FET is 
faulty. 

The Type 575 can easily be used to 
show' the typical operating curves of 
field-effect transistors FET’s by con- 
necting a 1 kl2, 1 W, 1% resistor from 
the Ixtsc to the emitter binding post 
on the Type 575. This converts the 
m A/step of the ba.se step generator to 
V/step, providing the voltage swing re- 
quired for the gate. The 575’s con- 
stant current source is now a constant 
voltage source which is developed 
across the 1 kJ2 resistor. See fig 1. 

When testing an FET, the drain lead 
goes to the collector connection; the 
gate lead to the base connection; and 
the .source lead to the emitter connec- 
tion. 

For testing n-channel FET’s set the con- 
trols as shown: 



Collector Sweep 



POLARITY 

PEAK VOLTS 

RANGE 

PEAK VOLTS 

DISSIPATION 

LIMITING 

RESISTOR 



+ (NPN) 

200 

0 (to start) 

1-2 kU (to start) 



Base Step 

STEPS/FAMILY 12 
POLARITY -(PNP) 

mA/STEP .2 (+.2 V/step) 




Fig 2 Drain family of characteristics 
Vds vs h>. 



Display Calibration 
VERTICAL .5 mA/div 

HORIZONTAL 2 V/div 

CAUTION: Adjust the STEP 0 care- 
fully before testing the FET. N-channel 
field-effect transistors may be destroyed 
by application of over p 2 volt of posi- 
tive bias. A set of FET curves, rese in- 
lying those of a pentode, will appear 
as the collector voltage approaches the 
FET ratings. If there is any doul^t con- 
cerning the FET, compare it with a 
known good device or consult a .specifi- 
cation sheet. Note that the zero bias 
curve is the top curve in fig 2. 

If you wish to look at the breakdown 
characteristics, it is only nece.ssary to 
change the horizontal caIil:)ration and 
increase PEAK VOLTS until break- 
down occurs. See fig 3. 

For testing p-channel FET’s, set the 
collector sweep POLARITY to 
™( PNP) and the base step POLARITY 
to plus. An easy method of remem- 
bering this testing procedure is to 
correlate an n-channel FET with a PNP 
transistor test, as far as the collector 
to emitter and drain to source voltage 
polarity are concerned. Flowever, w^hen 
testing field-effect transistors, the base 
step polarity must always be opposite 
the collector polarity. 

A drain current vs gate source voltage 
curve may be easily obtained by 
changing the horizontal display to .5 
base volts and repositioning the display. 
See fig 4. 

The Type 575 base step amplifier has 




Fig 3 Drain family of characteristics show- 
ing avalanche Vds = lOV/dlv: h = .5 
mA/div. 



/5 

the ability to supply gate voltage to 12 
volts maximum. This is sufficient to 
observe the majority of FET’s as used 
in Tektronix instruments. A complete 
redesign of the lxt.se .step amplifier and 
power supply is required to accommo- 
date a greater voltage .sw'ing. 

If the positive gate bias characteristics 
are desired, this can be done to a lim- 
ited extent if adequate protection is 
employed to assure that the gate drain 
and source currents do not exceed the 
maximum rating of the device under 
test. 



CAUTION: Gate input voltages in ex- 
cess of - j -.6 V typically run the FET 
beyond its current rating. 




Fig 1 Type 575 modified for FET testing. 




Fig 4 Drain current vs gate source voltage 
Ves = .5V/cf/V: Id .5 mA/div. 
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USED INSTRUMENTS FOR SALE 

1 — Type 564 Storage Oscilloscope, SN 
4897; 1 — Type 201-1 Scope-Mobile® 
Cart; 1 — Type 2 AGO Single Trace 1- 
MHz Plug-In; 1 — Type 2A61 Low Lev- 
el Differential Plug-In; 1 — Type 2B67 
Time Base. Condition like new. Used 
very little. Price: v$ 1,495. 00. Contact: 
J. M. Edelman, M.D., 4550 North 
Boulevard, Baton Rouge, Louisiana 
70806. Telephone: (504) 924-6266. 

2— Type 3A72, SN 3116 and 2791. Con- 
tact: Dr. Zia Penefsky, New York Med- 
ical College, Fifth Avenue at 106th 
Street, New York, New York 10029. 
Telephone: (212) 876-5500 Ext. 539. 

1 — Type 511AD-121 Amp — Scopecart, 
Total price $225.00. Contact: Fred 

Chambers, 11 Locuswood Blvd., El- 
mont, New York. Telephone: (212) 

775-6938. 

1 — Type 661 Sampling Oscilloscope 
with Type 5T3 Sampling Timing Unit 
and Type 4S2 Dual-Trace Sampling 
Unit. Price: $2,500.00. Contact: Grant 
Wales, G. T. Schjeldahl Company, 
Northfield, Minnesota. Telephone: 
(507) 645-5633. 

1— Type 526, SN 1860. Used only 6 
months. Contact: N. Friedman, Pro- 
fessional Closed Circuit TV, 342 Madi- 
son Avenue, New York 17, New York. 
Telephone: (212) 687-4422. 

1 — Type 51 7A. Excellent condition. 
Contact: Ed Knight, Industrial Com- 
munications, 8300 Fenkell, Detroit, 
Michigan 48238. 

1 — Type N Sampling Plug-In Unit. 
Like new. Price: $325. Contact: Dick 
Landis, Landis Associates, 5222 Venice 
Boulevard, Los Angeles, California. 
Telephone: (213) 933-8187. 

1— Type 567, SN 2821; l~Type 6R1A, 
SN 2191; 1— Type 3S76, SN 3961; 1— 
Type 3T77A, SN 4771; 2~Type P6032. 
Used only 4 hours. Price: $4900. Con- 
tact: Bill Burns, Digital Equipment 

Corporation, 146 Main Street, May- 
nard, Massachusetts 01754. Telephone: 
(617) 897-8821 Ext. 613. 

1— Type 547/1A1/202-2. Contact: Mey- 
er Bar, 5523 EauClaire Drive, Palos 
Verdes Peninsula, California. Tele- 
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phone: 377-2121 (home); 772-8111 

Ext. 6437 (office). 

1 — Type 517A, SN 1377. Sell or trade 
and cash for Type 535 or Type 545 and 
CA Plug-In. Contact: Duane Beyer, 
1756 Elmhurst Lane, Concord, Cali- 
fornia. Telephone: (415) 682-6161, Ext. 
372 (days); (415) 682-5273 (evenings). 

I — Type lAl Dual-Trace Unit, SN 
7420. Price: $425. Contact: L. Spring- 
er, Creative Electric, 18 Hulbert St., 
Auburn, New York 13021. Telephone: 
(315) 253-9759. 

1 — Type RM504, SN 001315. Less than 
300 total hours on instrument. Price: 
$395 FOB Flouston, Texas. Contact: 
D. D. Fitzgerald, Southwest Instrument 
Co., 7722 Westview Drive, Houston, 
Texas 77055. Telephone: (713) 682- 
7801. 

1— Type 531, SN 493; Type 53A; 
Scope-Mobile. Price: $400. 1 — Type 

535, SN 692; Type 53/54C; Scope- 
Mobile Cart. Price: $550. Contact: 

Milt Groban, 9656 South Merrion, Chi- 
cago, Illinois 60617. Telephone: (312) 
721-3442. 

1— Type 535, SN 9913; 1— Type CA 
Plug-In, SN 19828; 1 — Type 500/53A 
Scope-Mobile Cart. Price: $600. 1 — 

Type 585A, SN 6687; 1— Type 82 
Dual-Trace Plug-In, SN 1824; 1 — 

Type 202-1 Scope-Mobile Cart. Price: 
$1,500. Contact: O. H. Fernald, Ad- 
vance Research, Inc., 44 Hundreds Cir- 
cle, Wellesley Hills, Massachusetts 
02181. Telephone: (617) 237-1920. 

1 — Type 517 high speed with power 
supply. Condition of both good. Con- 
tact: D. Schendel, Electro Optical In- 
dustries, Inc., 92 Aero Camino, Goleta, 
California 93017. Telephone: (805) 

968-2591. 

1— Type 4S2, SN 000523. Price: $965. 
1— Type 113, SN 001226. Price: $165. 
Contact: Robert Williams, University 
of Virginia, Phy.sics Department, Char- 
lottesville, Virginia. Telephone: (703) 
295-2166 Ext 3345. 

1— Type 503, SN 7345. Price: $500. 
Contact: Chuck Fredricks, Nortec, 

Richland, Washington 99352. Tele- 
phone: (509) 943-9141. 



1 — Type 4S2A; 1 — ^Type 5T3 Plug-In 
Unit; 1 — Type 661. Contact: Jerry 

Borchert, 3300 Hillview Avenue, Palo 
Alto, California. Telephone: (415) 

326-9500. 

1— Type 511A, SN 4235. Price: $100. 

1 — Type 543 and CA Plug-In, SN 353 
and 5032 respectively. Price: $1170. 

1 — 500 Scope-Mobile Cart. Price: $79. 
i — Type 180A Time Mark Generator, 
SN 5908. Price: $468. Contact: Stabro 
Laboratories, Inc., 25 Kensington Ave- 
nue, Salt Lake City, Utah 84115. Tele- 
phone: 467-8011, 

USED INSTRUMENTS WANTED 

1 — Type 564 Storage Oscilloscope, 
3A75/2B67 Plug-In Units. Contact: 
Charles Stuart, 1 Finch Place, Hunting- 
ton, New York 11743. 

Type 575 Transistor Curve Tracers. 
Contact: Mr. Schaeffer, Dage Corpora- 
tion, 757 Main Street, Stamford, Con- 
necticut. Telephone: (203) 324-3123. 

1 — Type 511; 1 — Type 512; 1 — Type 
513; 1 — Type 514. Maximum — $200. 
Contact: R, Stay ton, 4403 Vangold, 

Lakewood, California 90712. Tele- 
phone: 429-9429. 

1 — Type 502; 1 — Type 502A. Contact: 
Don Modlin, Reflectone Division, Otis 
Elevator Company, 2051 West Main 
Street, Stamford, Connecticut 06902. 
Telephone: (203) 325-2251. 

Will trade 1 — Type 541, SN 6092 for 
1 — Type 531 A, no plug-ins. Contact: 
John Bowen, Pressure Products Indus- 
tries, Inc., 412 South Warminster Road, 
Hatboro, Pennsylvania 19040. Tele- 
phone: (215) 659-3300. 

1 — Type 515 or comparable scope. Will 
consider more sophisticated type with 
10-MHz bandwidth. Contact: Tom 
Annes, P.O. Box 2232, Denver, Colo- 
rado 80201. 

1 — Type 515A, 541 or 545. Please state 
condition and price. For personal use. 
Contact: E. D. Haley, Jr., 909 Monti- 
cello Avenue, Charlottesville, Virginia 
22901. Telephone: (703) 296-2037. 

1 — Type 575 Curve Tracer. Contact: 
Robert J. McNaul, Spar Electronics, 
7969 Engineer Road, San Diego, Cali- 
fornia 92111. Telephone: 279-1641. 

A-2386 
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The new P6048 probe is shown next to 6 other high frequency, high performance miniature probes. Designed for use with high performance 
oscilloscopes, these probes illustrate the full-spectrum measurement capability currently available to the oscilloscope user. See chart on page 5 
for additional details. 



CAL HONGEL 

Project Manager - Accessories Design 



COVER © Tom Jones, Tektronix photographer, high- 
lights the new SONY/TEKTRONIX Type 323. The 
Type 512, an instrument of similar characteristics in- 
troduced 19 years ago, is shown in the background. 
See story on page 11 . 



Introduction 

Tektronix introduced the plug-in instrument concept 
with the introduction of the Type 530/540 series oscil- 
loscopes in 1954. This concept developed because the 
interface between signal source and the cathode-ray 
tube is often complex and must be adaptable. Oscillo- 
scope plug-in preamplifiers accomplished this interface 
nicely and so provided greater versatility at a modest 
price. 

Since that time the plug-in concept has spread to count- 
ers, spectrum analyzers, function generators and many 
other instrument lines. Several years ago it became 
apparent that this same concept could be applied 
between the input vertical amplifier and the signal 
source, thus allowing the user more versatility. 

Since that time, Tektronix has been engaged in an 
“ across- the-measurement-spectr urn” effort to develop 
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probes that interface between the many varied signal 
sources and the vertical inputs of high-performance oscil- 
loscopes. The success of this effort is best measured in 
the spectrum of Tektronix oscilloscope/probe perform- 
ance currently available to the oscilloscope user. This 
concept allows general-purpose oscilloscopes to adapt to 
many application areas that heretofore required addi- 
tional plug-ins or special-purpose oscilloscopes. 

A case in point is the Tektronix Type 454 Oscilloscope 
and the high performance probes available for use with 
it. Two years ago when Tektronix introduced this instru- 
ment, two probes were announced, the P6047 passive 
probe and the P6045 FET probe. 

High-Performance Probes 

The Type P6047 passive probe provides the Type 454 
with 2.4-ns performance at the probe tip and serves as 
an excellent general-purpose probe for most circuitry 
because of the 10 MO, 10 pF (7 pF @ 100 MHz) 
characteristics. The P6045 FET probe offers extra 
sensitivity and still maintains a low input capacitance. 
Since that time a number of other probes have been 
developed that truly provide the Type 454 with a full- 
spectrum measurement capability. 

For example, the P6020 miniature current probe with its 
200-MHz performance gives the Type 454 the ability to 
monitor high speed current waveshapes where the source 
resistance and capacitance are such that a voltage probe 
causes severe loading. 

A high-speed differential probe and amplifier has been 
developed that provides wideband, high common-mode 



rejection ratio performance. Differential probe- tip sig- 
nal processing minimizes measurement errors caused by 
differences in probes, cable lengths, ground paths and 
input attenuators. As a result, small high-speed differ- 
ential signals may now be analyzed on a general-purpose 
oscilloscope. The P6046 Differential Probe and Ampli- 
fier provide the Type 454 with a 1 mV 70-MHz capa- 
bility that significantly increases the versatility of the 
instrument. 

The P6042 DC current probe is available for use with 
the Type 454 and while it does not cover the full band- 
width of the instrument, it does provide a unique DG- 
to-50 MHz current-measuring capability all in one 
probe. This is a particularly useful tool for many fast 
semiconductor circuits since fast switching transients, 
low frequency response, and DC level can all be dis- 
played simultaneously on the same oscilloscope. 

New 1 kn 1 pF Passive Probe 

The latest member to the Tektronix family of high per- 
formance miniature probes is the P6048 passive probe 
system, which extends the measurement capability of the 
Type 454. The P6048 is a 1000 0 low impedance pas- 
sive probe utilizing lOO-O cable. (A 50-t^ probe system, 
for example, with the same lOX attenuation has only 
500-O impedance.) 100-f) cable is used because studies 
indicate this is the highest impedance transmission line 
that has sufficient reliability yet retains small size and 
flexibility necessary for probe usage. Higher impedance 
cables do not meet the environmental requirements. 

Since all low impedance systems suffer from power 
dissipation problems, a switchable AG-coupling capaci- 



COMPENSATIONBOX 






j 









MUTUAL L 



INPUT CZp+C 




OSCILLOSCOPE 
INPUT RC 






-L 

-L NEUTRALIZES 
INPUT C 




Fig 1 . The termination of the P6048 probe is the key to its performance characteristics. The simplified schematic illustrates how the mutual in- 
ductance (— L) of the T-coil termination neutralizes the input capacitance (+C) of the instrument. By locating the low-impedance termination 
in the probe, the general-purpose aspect of the oscilloscope is retained with no sacrifice to the user. 
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Fig 2. CRT display of oscilloscope un- 
der test. Probes are applied to deflection 
plate circuitry as shown in fig 4. 



Fig 5. P6046 Differential Probe and 
Amplifier with Type 454 displays a 4 
mV signal (5 ns/div). 








FigS.Te 






CRT De< lection Plete 



Fig 6. Inserting cable between termina- 
tion and P6035 probe removes the dis- 
continuity caused by input C from the 
area of interest (5 ns/div). 



Fig 4. Measuring circuit for figs 2 and 3. 
Deflection plate circuitry of oscilloscope 
under test. 

Note in fig 3 that the P6020 current wave- 
shape (B) is an accurate representation of 
the reference signal in fig 2 [l]and does 
not distort the reference signal [r] . The 
P6047 loads the signal severely ® and 
distorts the probe source as shown in 
fig 2 0 . Additional information that 
only a current probe can display is the in- 
itial charging current necessary to charge 
the CRT capacitance @ . 




Fig 7. Response of Type 454/P6048 to 
fast pulse (10 ns/div). 



tor is included in the termination box to 
extend the maximum DC input voltage 
from 20 V to 200 V. The P6048 design 
maintains the same input capacitance of 
less than 1 pF, even when the probe is 
AC-coupledy with a low frequency 3-dB 
point of 7 kHz. 

Size was an important consideration in the 
design of the P6048 probe. For a high- 
speed probe to be useful, it must be small 
enough to probe the circuit under inves- 
tigation. However, as the probe diameter 
decreases, the tip capacitance increases. The 
design of the P6048 is compromised on a 
0.3-inch diameter. This allows an input 
capacitance of < 1 pF (typically 0.8) but re- 
tains the important small size, so necessary 
in high-speed circuitry. 

50-Q Systems 

Another means of looking at high-speed 
circuits is to terminate the oscilloscope 
input with 50 O, This permits using high- 
speed probes such as the P6035 (5 kQ, 

0.6 pF) that work into 50 and can dis- 
play the 2.4-ns risetime of the Type 454. 

The Type 454 input characteristics will 
cause some reflections, but pulse measure- 
ment information is valid up to twice the 
length of the cable time delay used be- 
tween the probe and scope. An excellent 
means of optimizing this viewing mode is 
to insert enough 50-O cable between the 
termination and the probe so the reflection 
occurs beyond the point of interest as shown in fig 7. 
Why are Tektronix real-time oscilloscopes 1 Mfi instead 
of 50 0? 

When the Tektronix Type 454 was in the design stage, 
there was much consideration given to the pros and cons 
of a 50-0 versus a conventional 1-MO system. The con- 
census at Tektronix was although a 50-O system would 
be easier to design ( 1-MO attenuators are more com- 
plex than 50-0 attenuators), the customer would have 
to accept too many compromises for a general-purpose 
instrument. 

Since most oscilloscopes are used as a general-purpose 
device, a means of increasing the input resistance of a 
50-O system is mandatory in most measuring situations. 
The only paths currently available to the user is an FET 
probe with its inherent extra cost and dynamic range 
considerations or a passive probe with its relatively low 
increase in DC resistance. 

A second limiting compromise is the limited dynamic 
range of a 5 0-^2 system. Both the power ratings of the 
50-0 CO nponents and the FET probe elements, all con- 



tribute to a system less tolerant of large signal swing 
and high DC potentials. 

The third compromise is that existing general-purpose 
probes cannot be utilized. This limits the measurement 
spectrum severely as most of the probes discussed in 
this article could not be used. 

The chart on page 5 illustrates the prominent features 
of most popular Tektronix high-performance probes. 
The probe impedance diagrams will assist the user in 
selecting the proper probe for his measurement. 

Less Than One pF, No Resistive Loading 
A case where a high-speed current probe is almost a 
necessity is where the transistor is a very low-capacitance 
(0.5 — 2 pF), high-frequency device working into a high 
impedance (1 — 5kl7). A transistor with a large collec- 
tor load and low capacitance presents a particularly dif- 
ficult measuring circuit. A low impedance passive probe 
should not be used because the resistive loading could 
shift the operating level out of range of operation, caus- 
ing clipping, limiting, or other undesirable effects. Since 
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Probing Considerations 



Select the lowest impedance test point which provides a useful wave- 
form. Although the input impedance of a probe is made as high as 
possible, it still will always have some finite effect on the circuit 
under test. 

Probe loading effects can be minimized by selecting iow-impedance 
test points. Usually, cathodes, emitters and sources should be chosen 
in preference to plates, collectors or drains; and inputs to high imped- 
ance dividers in preference to mid-points. Circuits with low resistive 
peaking or compensation often produce displays which are difficult 
to evaluate properly in high-speed pulse work. It's often preferable 
to make current measurements than to attempt an accurate evalua- 
tion of inductive circuit voltage waveforms because of the effect of 
the probe input capacitance. 

Time-delay differences must be considered, particularly in phase and 



time coincidence measurements, and differential applications. Low 
impedance probes minimize these problems and high-speed differen- 
tial probes are capable of matching probe characteristics to a high 
degree 

When using low impedance probes keep in mind the resistive load- 
ing of the probe. For example, if observing the 1 volt 1%, 2500 1% 
calibrator output of the Type 454 with the 1 kU P6048, correct cal- 
ibration is indicated by a CRT display of 0.8 volts. 

Grounding practices should always be kept in mind, particularly in 
high impedance probe applications. Using as short as ground path as 
possible (preferably coaxial adaptor or short bayonet connector) 
will minimize the effect of series inductance to the probe input. 
And, of course. In all probes that have variable compensation adjust- 
ments, check your compensation! 
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TYPE 454/PROBE SYSTEM RISETIME 






Risetime is the time required for a transition from one 
level to another. For a more useful concept it is defined 
as the amount of time from 10% to 90% of the two 
levels. As circuit and pulse speeds increase, the physi- 
cal limitation at which the risetime can change be- 
comes significant. (It takes a finite amount of time for 
current to charge the capacitance in order for the 
change to take place.) 

The diagram on the left illustrates the concept of rise- 
time as it is applied to a universal RC curve. Note it is 
2.2 RC time constants from 10% to 90% on the RC 
curve. Thus a fundamental limitation in the formula- 
tion of risetime is it cannot be faster than 2.2 RC. 

An example of the physical limitations that 2.2 RC 
can have on a circuit is the risetime of the Type 454. 
The risetime of the Type 454 without a probe is 2.4 ns. 
Because the risetime of the Type 454 with the P6047 
probe is also 2.4 ns, the P6047 would appear to be a 
0 risetime probe. The diagrams illustrate why the 1 .2-ns 
P6047 has this effect on the Type 454. (Although the 
computed risetime of the P6047 is 1 .03 ns, the speci- 
fied risetime is 1 .2 ns). 



It is necessary to find tj- vert since 2.2 RC of the source 
is a significant portion of the display risetime. 

tf display = yti^vert^ + t^ probe^ -i- t^source^ 

t,- vert =^tp display 2 - t^ probe^ - t^ source^ 

Once tj. vert is obtained, t^ probe may be found as 
shown below. 

tf probe =V t^ display 2 t^ vert 2 - t^ source 2 



Note, decreasing the amount of capacitance the source 
must charge from 20 pF to 7 pF decreases the source 
risetime limitation by a factor of = 3 (1.1 ns to 0.39 ns) . 
This then allows the addition of an extra element (the 



probe) with no decrease in observed risetime. 
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it is a very low-capacitance device, even the 2.3 pF of 
the FET probe is more than the circuit can stand. 

Here a high-frequency clip-on current probe such as the 
P6020 is an excellent way to make the measurement. 
This current probe adds approximately one pF (approxi- 
mately the same capacitance as the 1-kQ probe) , but 
there is no resistive component and the very low inser- 
tion impedance does not disturb the circuit. Further, 
the probe can be connected to the ground or B+ side 
of the load resistor, thus isolating the capacitance effect 
almost completely. Figs 2 and 3 show the P6020 current 
probe connected in this manner. 

The reflection impedance of the P6020 current probe is 
negligible unless inserted in a low-impedance circuit 
(below 5 0) or using several turns through the slot. 
(Additional turns are sometimes used to increase the 
probe sensitivity, but since the inductance varies as the 
square of the turns, insertion impedance quickly becomes 
significant.) In the case presented above, where the 
impedance is 5 kQ, if you know the collector impedance, 
you can obtain all the information by current measure- 
ment that a voltage probe can obtain. This method 
almost completely eliminates probe loading as an error 
factor. 

Source Impedance and Risetime 

The chart on page 6 clearly shows the effect of source 
impedance on the oscilloscope display. The P6047 is 
the high-speed miniature probe that is included with the 
Type 454 oscilloscope. This particular probe is the 
passive lOX high impedance probe evolved to the highest 
state at Tektronix. Note that of all the probes on the 
chart, the P6047 has the fastest risetime which is 2.4-ns 
(including the Type 454) at 25-0 source impedance. 
A 10 MQ, 10 pF characteristic (7 pF at 100 MHz) 
makes it an excellent choice for 2 areas of application. 
The 10 MQ resistive component minimizes DC loading 
and its high speed termination provides a 2.4-ns display 
when used with a low impedance source (50 Q). This 
probe is particularly well-suited for high amplitude sig- 
nals and is rated at 600 V. It is an excellent choice for 
a general-purpose probe. 

The next curve shows the P6045 field effect probe with 
IX attenuation. Its impedance characteristics are 10-MQ 
input resistance with 5.5 pF input capacitance. The 
slope of this curve is flattened out indicating that it is 
more useful as source impedance increases. This probe 
is a unity-gain probe which allows a lOX increase in 
sensitivity (compared to a conventional lOX probe) 
with less capacitance. A design choice is available, when 
designing an FET probe, of low noise vs low capaci- 
tance. The designer can place an attenuator (usually 
3-5X) in front of the FET and sacrifice noise per- 
formance for lower input capacitance. The P6045 does 



not make use of an attenuator in front of the field- 
effect transistor in the probe and thus excellent noise 
performance (<1.5 mV at 230 MHz) results. This 
compromise, while it results in additional tip capaci- 
tance, increases the versatility of the probe. Low capaci- 
tance performance is still available by using a lOX 
or lOOX attenuator. 

The next curve on the chart is the P6045 with its lOX 
attenuator offering an impedance combination of 10 MO 
and 2.3 pF. Note this curve is appreciably faster than 
the P6045 IX curve, keeping 3 / 2 -ris performance well 
out into 450-O source impedance. Here the usual lOX 
attenuation factor is present, but the capacitance is 
reduced to a value of 2.3 pF. 

The P6045 with the lOOX attenuator presents a 10 MO, 
1.8 pF impedance to the circuit under test. Note the 
difference that only 0.5 pF can make in this area of 
measurement by comparing it to the lOX curve. We 
now obtain 3.5-ns operation out to nearly 600-O source 
impedance. Also, the curve is now becoming less and 
less reactive as indicated by the nearly straight line. 

The blue line on the chart indicates the recently in- 
troduced P6048 passive low-impedance probe. This 
probe presents the source with 1 kO and less than 1 pF 
input capacitance. This curve is quite flat with increas- 
ing source impedance, and is very useful in high-speed 
circuitry where low source impedance is commonly used. 

The P6035 lOOX probe with 50-Q termination presents 
the f latest response of all. This curve is marked with an 
asterisk since it requires a 50-O termination on the 
front of the oscilloscope. There will be reflections due 
to the 20 pF input capacitance when used with a fast 
source, but this is still a very useful means of observing 
fast pulses. The reflections may be moved away from 
the point of interest by using additional high quality 
50-0 cable as shown on page 4. 

Summary 

No single probe discussed in this article is the best for 
all applications, but all of the probes discussed are 
good for specific applications. In addition, Tektronix 
is continually striving to develop additional probe 
capability to make existing instruments more versatile. 
It is still necessary, however, for the user to determine 
the characteristics of his measuring circuit as closely 
as possible. He may then select from the various probes 
available to obtain the minimum circuit loading for 
his measurement. 
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Tektronix field engineers spend a large amount of their 
time at customer locations teaching the proper opera- 
tion and maintenance of Tektronix products. In addi- 
tion, Tektronix field engineers provide local training at 
the field office to accommodate customers with common 
requirements. Oftentimes, however, there is a need for 
in-depth training that cannot be fully accomplished 
locally. To meet these needs, Tektronix has established 
a program of factory training which is an extension of 
Tektronix field engineering services. Customers who 
participate in this program attend classes at the Tek- 
tronix customer training center located in Tektronix 
Industrial Park in Beaverton, Oregon. 

The diverse courses offered vary from 2-4 weeks in 
length. Where possible, the courses are arranged so the 
customer may attend 2 or even 3 different consecutive 
seminars. 






Trainin 







r>/i 



Training at Tektronix has always had emphasis placed 
on the service aspect of Tektronix equipment and, there- 
fore, circuit theory is an important portion of the cur- 



riculum. The emphasis on Tektronix training is circuit 




knowledge and each circuit is described and discussed 
thoroughly with particular attention on how the various 
adjustments affect circuit operation. The objective is 
to familiarize the customer with all the checks, measure- 
ments and adjustments necessary for a given instrument. 
Each phase of each course ends with a theoretical 
trouble-shooting period, where a group discussion is held 
to discuss the various problems that specific faulty com- 



,ke extensive use of 
issroom are brought 
*onix-designed class- 
classroom design al- 
:, a scope under test, 
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and signal generating equipment, all in a classroom en- 
vironment. The instructor can pi'esent theory, instrument 
demonstration, instrument calibration, movies, slides, etc. 
without changing rooms. An added benefit is, while 
the theory of a particular point is being made, the practi- 
cal considerations may be monitored, since the scope is 
also present. 

The first thing that the student is exposed to in the train- 
ing is a detailed operator course in which particular em- 
phasis is placed on the function of the knob. Which 
circuit is the variable in? What does the knob control, 
and how? Tektronix, throughout the curriculum, relates 
theory to practical considerations. Thus, when the stu- 
dent encounters problems in his own facility, he has a 
broad background from which to draw conclusions. The 
intent of Tektronix customer training is to have the 
customer trainee proficient enough to train other em- 
ployees when he returns to his facility. 

A staff of 6 full-time instructors ensures thorough cover- 
age with a maximum of individual attention. Films are 
included in the curriculum and customers are exposed 
to important topics such as CRT handling, sampling, 
square waves and transmission lines. Tests are held 
periodically allowing the student to keep aware of his 
progress. 

Informal “buzz"’ sessions are held where appropriate. 
For example, if the students are having the sweep cir- 
cuit presented to them, the instructor might ask that all 
the students form into groups of two. One student 
then proceeds to explain the circuit under discussion to 
the other. If at any time he runs into any difficulty, an 
instructor explains the problem and he continues. This 
active participation in circuit analysis does a great deal 
toward giving the student confidence and retaining the 
new information. 



One of the greatest potential benefits of Tektronix fac- 
tory training is that it enables the trainees, upon return- 
ing from Tektronix, to instruct others in oscilloscope 
theory. As a result, customers who have technical train- 
ing programs in their own company or are anticipating 
need for them in the future, often send an engineer, in- 
structor, or maintenance training specialist to receive 
this training. 

When a customer student successfully completes all the 
material and passes the final exam, he receives a certifi- 
cate of completion. This certificate lists all the Tek- 
tronix products in which the student is proficient. 

There is no cost for Tektronix factory training courses 
and course materials. The cost of transportation, lodging 
and meals is the customer’s responsibility. Students are 
usually lodged in downtown Portland where numerous 
accommodations are available. This central location also 
provides excellent facilities for the students’ after-class 
recreation. In addition, Tektronix provides a shuttle 
service between downtown hotels and Tektronix Indus- 
trial Park. 

To qualify for this program the trainee should have 
adequate background as indicated below: 

1. Knowledge of electronic fundamentals. 

2. Experience in calibration of high quality laboratory 
test equipment (previous contact with Tektronix 
instruments is recommended) . 

3. Minimum score of 70% in Tektronix entrance exam. 

If you are interested in the Tektronix factory training 
program, contact your local field engineer for course 
availability and assistance with lodging. The class 
schedule for the remainder of 1968 is shown on page 10. 



TYPICAL COURSE OUTLINE 



OBJECTIVES 



Puise System Technology 

Semiconductor Circuit Review 

Operators Course 
Power Supplies 
Cathode Ray Tubes 
Sweep Circuits 

Horizontal Amplifiers 
V Amplifier and Delay Lines 
Plug-In Preamplifiers 

Calibration Instrumentation 

Laboratory Assignments 



Concepts fundamental to oscilloscope technology: pulse circuit theory, RC curves, compensated dividers, 
risetime vs bandwidth, etc. 

Semiconductor theory of circuits extensively used in oscilloscope systems: differential amplifiers, paraphase 
amplifiers, emitter followers, etc. 

Familiarize the student with instrument capabilities in sufficient detail to instruct others. 

Theory of power supply operation: high and low voltage supplies, regulators, accuracies, tolerances, etc. 
Understand the contribution of the CRT : mechanical considerations, unblanking circuitry, etc. 

Relate timing accuracy to linear operation of horizontal sweep system: understand Miller Integrator, delay- 
ing sweep theory, etc. 

Understand contribution of horizontal system to accuracy: X-Y applications. 

Understand fundamental relationships of sensitivity, stability, bandpass/risetime, circuit theory, etc. 

Acquaint the student with most popular plug-in units, practical explanations of calibration and adjustment 
checks. 

Acquaint the student with a variety of special Tektronix instruments used in calibrating instruments: mainten- 
ance and trouble-shooting practices. 

Provide the student with working acquaintance of all instruments concerned: discussion of proper adjustment 
and calibration practices. 





530/540/580 

1A1/82 

July 29 — August 16 



FACTORY 

SCHEDULE 




Spectrum Analyzer 
1L20/1L30/491 
August 12 — 30 



SEP 



530/540/580 

1A1/82 

September 9 — 27 



530/540/550 

1A1 

October 7 — 25 



544/546/547 
556/1A1 
Oct 14 — Nov 1 



Spectrum Analyzer 
1L20/1L30/491 
November 4 —22 



454/453/422 
Sept 30 — Oct 18 



Sampling 

+ 

Digital 

Oct 28 - Nov 22 



530/540/580 

1A1/82 

December 2 — 20 






THANKSGIVING - NOVE 
568/R230 
December 2—13 



CH R ISTMAS HOLIDAYS 
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Mils 



Nearly 20 years have passed since Tektronix introduced 
the Type 512 DC — 2 MHz oscilloscope. At the time it 
was introduced, in May of 1949, it was advertised as a 
portable precision laboratory oscilloscope. Its triggered 
calibrated sweeps and high-gain DC-coupled vertical 
amplifier (it was the first DC-coupled Tektronix oscillo- 
scope) made it an immediate success and created new 
standards for oscilloscope performance. 

The SONY®/TEKTRONIX® Type 323 makes an inter- 
esting contrast to the Type 512, since the electrical char- 
acteristics are somewhat similar. Although most Type 
512’s have long since been retired and replaced with 
newer Tektronix oscilloscopes, many remain in active use. 
A closer look at the two instruments shows very clearly 
the trends and progress of the electronics industry over 
the past 19 years. 



Semiconductors have made possible tremendous savings 
in weight, power, dissipation, size and reliability. The 
7-pound weight of the Type 323 compared with the 53 
pounds of the Type 512 is dramatic evidence of this 
trend. Equally as impressive is the 280 watts of the Type 
512 contrasted with the typical 1.6 watts of the Type 
323. The overall instrument size has decreased from 
4160 cubic inches to 320 cubic inches. In addition, the 
Type 323 is much more reliable since it is solid-state 
with the exception of the cathode-ray tube. The chart 
on page 13 shows other interesting contrasts. 

Human engineering was one of the design goals that the 
Type 323 meets nicely. The Type 323 has only 7 front 
panel controls. The focus and intensity are located 
on top of the front panel since they are not used 
often. This simplifies front panel layout and minimizes 
accidental moving of controls. 

The SONY/TEKTRONIX Type 323 contains the same 
high quality components and workmanship as Tektronix 
oscilloscopes and complements the product line nicely. 
Because the instrument is being marketed by Tektronix 
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(outside of Japan and parts of Asia), it is necessary 
that the same support exists to ensure that Tektronix 
can meet the after-sale service commitment. As a result, 
the instrument manual, spare parts support, etc., are 
consistent with normal Tektronix practices. The instru- 
ment uses plug-in transistors which allow easier and 
quicker maintenance. In addition, consideration has 
been given for easy access to circuit boards. 

The Type 323 may be powered AC, DC or from its self- 
contained battery pack. The battery charge rate (full 
charge or trickle charge) is selectable from the rear 
panel. The battery pack and charger circuitry may be 
removed as a unit and operated independently of the 
instrument. This allows the Type 323 to be powered by 
a second battery pack while the first is being charged. 
In cases where the Type 323 is operating from an AG 
line the battery may be charged at full rate (16 hours) 
even while the instrument is operating. The 16-hour 
charge rate ensures that the instrument may be used a 
full 8-hour day— yet it will be completely charged the 
next morning. 

The Type 323 has a 3-inch CRT that uses a very low- 
power direct-heated cathode developed by SONY for its 
4-inch television sets. The power required is 180 mW 
and this design contributes to the 2-second warm-up time 
of the Type 323. 




Fig 1. Input and output connections are provided on the left side 
panel freeing important front panel space for operating controls. 




Typical of some of the unique power-saving circuits is 
the vertical amplifier output stage. A power- saving 
circuit biases the Type 323 output amplifier at low 
current and senses signal frequency. When high fre- 
quency signals are present, the sensing circuit increases 
bias so sufficient current is available to charge and dis- 
charge the CRT capacitance. In addition, complemen- 
tary connection of the output transistors (NPN and 
PNP) minimizes heavy current flow. The output is an 
exact reproduction of the input, and the technique 
saves considerable power at high frequencies. 

The Type 323 does not have an edge-lighted graticule 
since power drain was a first-order design consideration. 
The instrument requires less power, under most oper- 
ating conditions, than the graticule edge-lighting cir- 
cuitry used on Tektronix oscilloscopes. As a result a 
black, internal, non-illuminated graticule is used. 




CHARACTERISTICS 


TYPE 323 


TYPE 512 


Weight 


Less than 7 pounds 


53 pounds 


Power 


1 .6 Watts (typical) 


280 Watts 


Size (inches) 


4-1/4" X 7-1/4" X 10-5/8" 


16" X 13" X 22-7/8" 


Input RC 


1 47 pF 


1 W\a 45 pF 


Risetime 


90 ns (high gain 130 ns) 


200 ns (high gain 400 ns) 


Bandwidth 


DC-4 MHz (high gain DC-2.75 MHz) 


DC-2 MHz (high gain DC-1 MHz) 


Deflection Factor 


10 mV (high gain 1 mV) 


150 mV (high gain 5 mV) 


Time Base 


5 us/div— 1 s/div (17 steps) 


3 us/cm-.3 s/cm (10 steps) 


Magnifier 


XI 0 (fastest sweep .5 us/div) 


X5 (fastest sweep .6 us/cm) 


Differential Input 


No 


Yes 


Vacuum Tubes 


1 (CRT) 


44 


F. P. Controls 


7 


22 


Environmental 


Yes 


No 


I Price 


$850 


$950 
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Fig 3. Type 323 vertical output amplifier diagram. The output amplifier is biased at low current to save power, so a high frequency boost circuit 
is used to supply the required current for high frequency operation. A feedback circuit senses the current the HF BOOST needs to supply for 
charging and discharging of the CRT capacitance at high frequencies. This unique circuit substantially reduces the power consumption of the 
Type 323. 



The sweep generator provides calibrated ranges from 
1 s/div to 0.5 fxs/div (with an XIO magnifier). A new 
automatic trigger circuit is employed that minimizes 
front-panel space, yet provides versatile trigger operation. 

The 4-MHz performance at 10 mV/div deflection factor 
(2.75 MHz at 1 mV/div) makes the instrument an ideal 
choice as a field maintenance tool. Its 1 1 by 8 by 4-inch 
dimensions and 7-lb weight enable it to go nearly any- 
whem. The Type 323 is designed to withstand shock, 



vibration, and wide variations in temperature, alti- 
tude, and humidity since SONY/TEKTRONIX engi- 
neers realize portable oscilloscopes often encounter 
adverse environments. 

The price of the SONY/TEKTRONIX Type 323 in- 
cluding a P6049 lOX attenuator probe with accessories 
is $850. Further details are included on pages 1-3 in the 
New Product Supplement to Tektronix Catalog 27 
(1968). 



XEKTROISriX®^ 



Sony/Tektronix, a jointly-owned Japanese sub- 
sidiary located in Tokyo, Japan, was formed in 
November of 1964. The rapid growth of the Japa- 
nese electronics industry in the early 60’s resulted 
in licensing discussions with several Japanese firms. 
The result of these discussions led to the forma- 
tion of a 50-50 joint venture with SONY. Both 
SONY and Tektronix have cross-licensing arrange- 
ments with Sony/Tektronix. 

Sony /Tektronix has responsibility for marketing 
of Tektronix and SONY/TEKTRONIX products 
in Japan and parts of Asia. The marketing of 
SONY/TEKTRONIX products in the U.S. and 



remainder of the world is handled by Tektronix, 
its marketing subsidiaries, and distributors. 

Sony /Tektronix is currently manufacturing several 
types of Tektronix instruments. These instruments 
maintain the same high Tektronix quality that is 
built into Tektronix domestic instruments, but are 
built exclusively for the Japanese market. 

Sony/Tektronix was created with an engineering 
capability to develop new instruments. This use of 
the two companies’ engineering talent will allow 
products to be developed that Tektronix or SONY 
would not develop alone. The Type 323 is the first 
instrument to be developed by Sony /Tektronix. 
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Service Notes 



Phillips-head screws come with two 
kinds of slots these days, and the 
casual observer might never notice it! 
The newer type slot can be identified 
by four little lines on the head of each 
screw, located at the inside corners of 
the cross. See diagram at right. 

The new slots permit screws to be in- 
stalled with less likelihood of the screw- 
driver slipping in the slots (camming 
out) if driven with a new type Phillips 
screwdriver. The name for the new 
slot and the new screwdriver is POZI- 
DRIV, a Phillips registered trade name. 




Old Phillips screwdrivers will work in 
the new slots but are more apt to slip. 
Phillips screwdrivers having the POZI- 
DRIV tip will not fit in the old slots 
unless they are the wrong (smaller) 
size. Because screws may be tightened 
harder using the POZIDRIV slot and 
POZIDRIV screwdrivers, they may be 
particularly difficult to remove with- 
out the proper tip. 

The way to distinguish between an old 
screwdriver tip and the POZIDRIV 
bits is that the letters PZD appear on 
the POZIDRIV bits. 



Transistor Troubleshooting Hints 



Transistor defects usually take the form 
of the transistor opening, shorting or 
developing excessive leakage. The best 
means of checking a transistor for these 
and other defects is by using a transis- 
tor curve display instrument such as a 
Tektronix Type 575. If a transistor 
checker is not readily available, a de- 
fective transistor can be found by sig- 
nal tracing, by making in-circuit vol- 
tage checks, by measuring the transistor 
resistances, or by substituting a known 
good component. 

When troubleshooting with a voltmeter, 
measure the emitter-to-base and emitter- 
to-collector voltages to determine 
whether the voltages are consistent with 
normal circuit voltages. Voltages across 
a transistor vary with the type of 
device and its circuit function, but 
some of these voltages are predictable. 
The base-emitter voltage of a conduct- 
ing germanium transistor is about 0.2 V 
and that of a silicon transistor is about 
0.6 V. The collector-emitter voltage 
of a saturated transistor is normally 
0.2 V. Because these values are small, 
the best way to check them is by con- 
necting the voltmeter across the junction 
and using a sensitive voltmeter setting. 

If values less than these are obtained, 
either the device is shorted or no cur- 
rent is flowing in the circuit. If values 



are in excess of the base-emitter values 
given, the junction is back-biased or 
the device is defective (open). 

Values in excess of those given for 
emitter-collector indicate either a non- 
saturated device operating normally, or 
a defective (open) transistor. If the 
device is conducting voltage will be 
developed across resistances in series 
with it. If it is open, no voltage 
will be developed in resistances in 
series with it (unless current is being 
supplied by a parallel path). 

An ohmmeter can be effectively used 
to check a transistor if the ohm meter’s 



voltage source and current are kept 
within safe limits. V and 2 mA are 
generally acceptable. Selecting the 1-k 
scale on most ohm meters will auto- 
matically provide voltage and current 
below' these values. 

If the voltage and maximum output 
of a specific ohmmeter is in doubt, it 
should be checked by connecting the 
test leads to another multimeter before 
using it. 

The table contains the normal values of 
resistance to expect when making an 
ohmmeter check of an otherwise un- 
connected transistor. 



Transistor Resistance Checks 



Ohmmeter 

Connections^ 

Emitter-Coi lector 
Emitter-Base 

Base-Collector 



Resistance reading that can be expected using the 
R X 1 kQ range 

High readings both ways (100 kO to 500 kQ, approx). 

High reading one way (200 kQ or more). Low read- 
ing the other way (400 Q to 3.5 kQ, approx). 

High reading one way (200 kQ or more). Low 
reading the other way (400 kQ to 3.5 kQ, approx). 



^Test leads from the ohmmeter are first connected to the transistor and then the connections are 
reversed. Thus, the effects of the polarity reversal of the voltage applied from the ohmmeter to 
the transistor can be observed. 
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USED INSTRUMENTS FOR SALE 

1— Type 1A2, SN 001328. Contact: 
Marion Paul, WFIE-TV, 1115 Mt. Au- 
burn Road, Evansville, Indiana 47712. 
Telephone: (812) 425-6201. 

l_Type 516, SN 154. Price: $825. 
l__Type 551, SN 3247. Price: $1250. 
Both in very good condition. Contact: 
Henry L. Gorgas, Exact Electronics, 455 
S.E. Second Avenue, Hillsboro, Oregon 
97123. Telephone: (503) 648-6661. 

1 — Type 513D, SN 799. In very good 
condition. Contact: David Felt, Electra- 
Design Labs, 4406 Center Street, Omaha, 
Nebraska 68105. Telephone: (402) 553- 
4218. 

1— Type 524AD, SN 2078. In good 
condition. Contact: Sid Chodun, 19325 
West Nine Mile Road, Southfield, Michi- 
gan 48075. Telephone: (313) 353-8070. 

1— Type 504, SN 002221. Price: Under 
$100. In good condition. Contact: Dr. 
Boyle, Fitzgerald Mercy Hospital, Lands- 
downe Avenue, Darby, Pennsylvania 
19023. Telephone: 586-5020, ext. 2286. 

1™-Type RM15, SN 002073. Price $500. 
In good condition. Contact: Bob Burig, 
112 Hershey Drive, McKeesport, Pennsyl- 
vania 15130. Telephone: (412) 673- 

.4845. 

1 — Type P Plug-In and 2 — Type P6008 
Probe Sets. Contact: H. R. Greenlee, 430 
Island Beach Blvd., Merritt Island, Flor- 
ida 32952. Telephone: (305) 853-9542. 

1 — Type 81 Plug-In Adapter for 580 
series, SN 5795. Price: $100. Like new. 
Contact: Y. J. Lubkin, 84 Beacon Hill 
Road, Port Washington, New York 
11050. Telephone: (212) 286-4400. 

l_^Type 547. Price: $1,593.75. 1— Type 
lAl Dual Trace Plug-In. Price: $531.25. 
l_Type 535A. Price: $1,190. 1— Type 
CA Plug-In, Price: $233.75. 2 — Type 
2022 Scope-Mobile® Carts. Price: $234. 
50. Contact: F. H. Gable, 12808 Coit 
Road, Dallas, Texas, 75230. Telephone: 
239-2611. 

1— Type 500/53A. Price: $55.00. 1— 
Type GA. Price: $125. 1 — Type 190B. 
Price: $150. l~Type CRT 154-0265-00. 
Price: $35.00. Contact: Multisonics, Inc., 
Post Office Box 197, Alamo, California 
94507. Telephone: (415) 837-5238. 

1 — Type 511 AD. Price: $50. Contact: 
Albert Pratt, 114 West Lake View, Mil- 
waukee, Wisconsin 53217. 

l___Type 511 AD DC-10 MHz. Complete 
good working order. Price: $195. Con- 
tact: Monroe McDonald, 4130 Shore- 
crest Drive, Dallas, Texas 75209. Tele- 
phone: (214) 352-1564. 

Printed in U.S.A. GAC 8/68 



1 — Type 524AD with cart and 5-inch 
CRT. Price: $600. Used very little. Con- 
tact: Padway Aircraft Products, Inc., 
11040 Olinda Street, Sun Valley, Cali- 
fornia. Telephone: 875-1740. 

l__Type 545A, SN 27745; 1— Type L 
Plug-In, SN 9542; 1— Type ISl Plug-In, 
SN 17§; 1 — Type lAl Plug-In; and 2 — 
Type P6006 Probes. Contact: Robert 
Green, Dielectric Products, Raymond, 
Maine. Telephone: (207) 655-4555. 

1— Type 535A, SN 032925; 1—- Type B 
Plug-In, SN 020369; 1— Type CA Plug- 
In, SN 065832; and 1— Type 500-53A 
Scope-Mobile® Cart. Complete package: 
$2,000. All in excellent condition. Con- 
tact: W. N. Rushworth, Purchasing 

Department, Quebec North Shore and 
Labrador Railway Company, Sept-Iles, 
Quebec. 

U-Type 536, SN 001509; 1— Type T, 
SN 001707: l^Type H, SN 003158; and 
l~Type H, SN 002573. Complete pack- 
age: $700. All in excellent condition. 
Contact: Mr. Gatecliff, Tecumseh Pro- 
ducts, Inc., Research Laboratories, 3869 
Research Park Drive, Ann Arbor, Michi- 
gan 48104. Telephone: (313) 665-9182. 

1 — Type 321 A, SN 4337. In new condi- 
tion. Contact: P. G. Miethke, 8910 

Santa Monica Blvd., Los Angeles, Cali- 
fornia 90069. 

1 — Type 581A, SN 6059; and 1 — Type 
82, SN 12479. Contact: Carl Bashem, 
Allen Aircraft Radio, 2050 Touhy Ave- 
nue, Elk Grove Village, Illinois 60007. 
Telephone: (312) 437-9300. 

1 — Type 514D, SN 2689. In excellent 
condition with new CRT. Contact: B. G. 
Carl, 11128 Claire Avenue, Northridge, 
California 91324. Telephone: (213) 363- 
1216. 

1— Type 502, SN 1221, and 1— Type 
502, SN 00817. In good condition. Con- 
tact: William Brown, Applied Magnetics 
Corporation, 75 Robin Hill Road, Goleta, 
California 93017. Telephone: 964-4881, 
ext. 55. 

l_Xype 3S76, SN 3874. Contact: Dr. 
Charles Ladoulis, Harvard Medical 
School, 25 Shattuck Street, Boston, Mas- 
sachusetts. Telephone: (617) 734-3300, 
ext. 342. 

1— Type 561A/3S3/3T77/3A1/3B1/201- 
2. Contact: A1 Nelson, Nelson Instru- 
ments, Inc., 1586 South Acoma Street, 
Denver, Colorado. Telephone: 733-0421. 

1 — Type C 1 2 Camera with 564 Bezel. 
Contact: Mr. Class, Lutheran Deaconess 
Hospital, 2315 14th Avenue South, Min- 
neapolis, Minnesota 55404. Telephone: 
(612) 721-2933, ext. 222. 

1 — Type 315D. In good condition. Con- 
tact: Bruce Blevins, 176 Barranca Road, 
Los Alamos, New Mexico 87544. 



1— Type 561A/60/2B67. Price: $600. 
Excellent condition. Contact: Gene Har- 
len, 465 South 162nd, Seattle, Washing- 
ton 98148. Telephone: 243-4573. 

1— Type ISl, SN 000643. Price: $975. 
New condition. Contact: Mr. Gagnon. 
Telephone: (415) 968-6220. 

l__Type 515A, SN 1346. Contact: Mich- 
ael J. Verrochi, Milton, Massachusetts. 
Telephone: (617) 698-5490. If no an- 
swer, contact: Margie Tanner, Tektronix, 
Inc., Waltham, Massachusetts. Tele- 
phone: (617) 894-4550. 

1— Type 517, SN 769, with Scope-Mo- 
bile® Cart; 1 — Type G. F. probe; and 
1 — Type B 170 attenuator. Price: $600. 
Contact: J. B, Taylor and Associates, 
1520 Broadway, Oakland, California 
94612. Telephone: (415) 832-4056. 

l_Xype 515A, SN 002588. All mods 
installed. Telephone: (213) 346-6075 

after 6 p.m. 

1™-Type 310A, SN 21847. Price: $650. 
In very good condition. Contact: Frank 
A. Hayes, Red Hill Road, Middletown, 
New Jersey 07748. Telephone: (201) 

671-0271. 

1— Type 502, SN 6673. 2—Type P6017 
probes. 1— Type P6000 Probe. 1 — Type 
500A Scope-Mobile Cart. Contact: Den- 
nis Moore, 698 Don Juan Street, Apart- 
ment 5, Colorado Springs, Colorado 
80908. Telephone: 473-0522. 

l„„Xype 541, SN 6916. 1— Type 53/ 

54C, SN 17265. 1— Type 53/54B, SN 
9384. Contact: Carmine lannucci, 

WNHC TV, 135 College Street, New 
Haven, Connecticut. Telephone: (203) 
777-3611. 



USED INSTRUMENTS WANTED 

1 — Type 515 or 516. Contact: Enzo 
Scarton, 133 East Avenue, East Roches- 
ter, New York 14445. Telephone: (716) 
872-2000, ext. 23050. 

1-— Xype 519. Contact: Oliver Osborne, 
15315 South Broadway, Gardena, Cali- 
fornia 90247. Telephone: (213) 323- 
2443. 

1 — Type 515A. State price and condi- 
tion. Contact: P. Shipp, Professional 
Instruments Ltd., Box 477, Mount Ver- 
non, New York 10550. 

1 — Type 190, 190B or 191 Signal Gener- 
ator. 190B preferred. Contact: Instru- 
ment Laboratories Corporation, 315 West 
Walton Place, Chicago, Illinois 60610. 
Telephone: (312) 642-0123. 

1 — Type 540 or 530 series, and 1 — Type 
C Plug-In. Contact: H. R. Greenlee, 430 
Island Beach Blvd., Merritt Island, Flor- 
ida 32952. 
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for more details. 



Development of a 25-ps (14 GHz) instrument, a line of “plug-in plug-ins”, and realization 
of much of the potential of random sampling provide a new criterion for sampling meas- 
urements. These new developments in sampling circuitry and sampling packaging have 
combined to offer the user more versatility than ever before. 

The Type 3S2 Vertical Sampling Unit was announced at 
IEEE ’68 with two plug-in heads — the Type S-1, 350- 
ps Sampling Head and the Type S-2^ 50-ps Sampling 
Head. At WESCON ’68, less than 6 months later, four 
more heads were introduced: the Type S-3, 350-ps high- 
impedance Sampling Head; the Type S-4, 25-ps Sam- 
pling Head; the Type S-50, 25-ps risetime Pulse Gen- 
erator Head; and the Type S-51, l-to-18GHz Trigger 
Countdown Head. The latter two special-purpose heads 
are not capable of producing a display since they con- 
tain no sampling gate. 

Concurrent with these sampling heads, the Type 285 
Power Supply was designed to power the special-pur- 
pose plug-in heads in the event both vertical channels 
are required. Using these components, the user has a 
number of ways to combine the various heads for the 
most versatility from his sampling oscilloscope. 

A sampling oscilloscope makes use of a great deal of 
relatively slow-speed signal processing circuitry. The 
input to the signal processing circuitry is an ideal choice 
to apply the plug-in idea. These miniature (4/a x 1% x 
2 inch) sampling heads contain all of the high-speed 
circuitry which normally make up the front end of a 
sampling oscilloscope. Use of plug-ins allows the sam- 
pling oscilloscope to adapt and interface with much more 
versatility to the numerous signal sources available. 

2 



Al Zimmerman 

Program Manager, 

Sampling & Digital Instruments 



COVER 

Seven characteristics of state-of-the-art sampling are 
symbolized by samples of an oscilloscope display. 
From lower left: 3-mm connectors; Tektronix-develop- 
ed devices (S-4 chip, S-3 chip); 25-ps digital readout; 
3 sampling modes (random, sequential, and real-time 
sampling); the current line of Tektronix sampling 
heads; digital delay; and 35-ps risetime TDR. 
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Prior to the sampling head development at Tektronix, 
a typical sampling unit occupied roughly 75% of its cir- 
cuitry with the processing of slow speed signals (i.e. 
sampling-loop amplifiers, memories, dual-trace switch- 
ing, and the main vertical) . As a result, when chang- 
ing from a 50-Q general-purpose sampler to a high- 
impedance sampler, or to a higher speed 50-Q sampler, 
nearly 75% of the sampler purchased was redundant 
circuitry. By creating a module which contains only 
those circuits which determine the input configurations, 
noise, sensitivity, and bandwidth of the sampler, these 
problems have been effectively solved with a degree of 
adaptability not possible before. This allows a wide 
range of operational characteristics by changing only 
the sampling head and not requiring the replacement 
of a complete plug-in vertical sampling unit. 

Fig 1 shows how a typical sampling head relates func- 



tionally to the rest of the oscilloscope. The nature and 
extent of the circuitry contained within the sampling 
head depends on whether it is intended for general pur- 
pose, low noise, high speed, 50 Q, probe type, or other 
applications (i.e. trigger countdown or 25-ps pulse gen- 
erator) . 

Because an individual sampling head represents a rela- 
tively small investment, both for the user and in terms 
of development cost for the manufacturer, there is more 
incentive to design heads and pursue additional per- 
formance trade-offs. The development costs of a sam- 
pling head are appreciably less than that of a complete 
vertical sampling unit. As a result, performance trade- 
offs may be pursued that were not economically feasible 
prior to the development of this concept. The table on 
page 4 shows some of the performance characteristics 
for the current line of sampling heads. 
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Sampling heads may either be plugged directly into the 
larger plug-in unit or may be used remotely at the end 
of a 3 or 6-foot extender cable. The ability to put the 
sampling head right at the measurement source allows 
dual-trace displays of signals originating at different 
locations — without interconnecting signal cables. Cross- 
talk between display channels is eliminated by the shield- 
ing afforded by completely separate sampling heads. 
The physical independence of the two channels further 
permits intermixing of head types so performance and 
input configuration may be matched to the particular 
measurement requirement. There is no longer the neces- 
sity of purchasing a dual-trace sampling unit if only a 
single-trace display is required. 

Signal losses in the cables used to interconnect a system 
can also be eliminated by using sampling heads on 
extender cables. This practice can result in significant 
savings in signal level at frequencies above 5 GHz. For 
example, both RG8A/U and RG58A/U have losses of 
well over 1 dB/ft at 10 GHz. 

Fig 3 dramatically illustrates the loss in amplitude 
when a 3-ft coaxial cable transmits a 15-GHz signal. 



Such losses are minimized by using extender cables and 
physically placing the individual head adjacent to its 
source. 

Type S-1 Clean Response/Low Noise 

The Type S-1 Sampling Head offers excellent transient 
response, low-noise characteristics, 50-Q input imped- 
ance, and low cost. The Type 284 Pulse Generator 
and the Type 3S2/S-1 provide the cleanest 350-ps re- 
sponse currently available. Its transient response is 
specified as +0.5%, —3% or less for 5 ns after tran- 
sition; diO.5% after 5 ns (with Type 284 Pulse Genera- 
tor) . 

Type S-2 High Speed/Low Cost 

The Type S-2 Sampling Head is a 50-Q, 50-ps risetime 
unit with 7-GHz equivalent bandwidth. In this unit, 
the design compromise is faster risetime (at the expense 
of noise and transient response) for an “economical” 
price. Unsmoothed noise is 6 mV and the transient 
response is +5% for the first 2.5 ns and ±:2% there- 
after (with Type 284 Pulse Generator). 



SAMPLING HEADS 


Type 


Risetime 


Equivalent Trigger Noise 


Input Z 


Input 


Price 






Bandwidth Pick-Off (Unsmoothed) 




Connector 




S-1 


350 ps 


1 GHz Yes 2 mV 


50n 


GR874 


$250 


S-2 


50 ps 


7 GHz Yes 6 mV 


50Q 


GR874 


$300 


S-3 


350 ps 


1GHz No 3 mV 


100 kJ2 2.3pF 


Probe 


$375 


S-4 


25 ps 


14 GHz Yes 10 mV 


50Q 


3 mm 


$750 


1 NON-SAMPLING HEADS j 


Type 




Description Output Connector 




Price 


S-50 


25-ps risetime, tunnel-diode pulse generator 


3 mm 




$450 


S-51 


1-18 GHz trigger countdown 


3 mm 




$425 


1 PLUG-IN VERTICAL UNITS | 


Type 


Remotely 


Physical Program Adjustable Inter- Real Time 


Price 




Programmable 


Configuration Connector channel Delay Sampling 




3S1 


No 


Non Plug-In None No 




Yes 


$1150 


3S2 


No 


Plug-In None Yes 




Yes 


$ 800 


3S5 


Yes 


Plug-In Front Yes 




Yes 


$1450- 


3S6 


Yes 


Remote Rear Yes 




Yes 


$1450 


j PLUG-IN HORIZONTAL UNITS | 


Type 


Type of Sampling Sweep Delay 


Remotely 


Jitter 


Price 








Programmable 




3T2 


Random, Sequential 


Up to 5 cm on any time/div 


No 


30 ps 


$ 990 


3T5 


Sequential, Rea! Time 999.9 ns in 100-ps increments ) 


Yes 


30 ps 


$1550 






9.999 JUS in 1 -ns Increments 1 Digital 








3T6 


Sequential, Real Time 999.9 /is in 100-ns increments \ 


Yes 


30 ps 


$1550 


3T77A 


Sequential Only 


Min 100 div/variable 


No 


50 ps 


$ 690 


OSCILLOSCOPE MAIN FRAMES 


Type 




Storage 


Digital Readout 




Price 


561A 




No 


No 




$ 530 


RM561A 




No 


No 




$ 580 


564 




Yes 


No 




$ 925 


RM564 




Yes 


No 




$1025 


567 




No 


Yes 




$ 750 


RM567 




No 


Yes 




$ 850 


568 




No 


Yes 




$ 875 


RM568 




No 


Yes 




$ 925 
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Type S-3 High-Impedance Sampling Probe 

The Type S-3 Sampling Head employs a unique design 
approach for an active sampling probe. A 50-kQ resistor 
provides two times attenuation and is designed as an 
integral portion of the probe. The first stage of the 
sampling preamplifier (an FET stage) is physically 
located in the probe itself. These improvements result 
in a larger voltage signal from the sampler with an 
improved signal-to-noise ratio. 

A portion of this improvement is traded off for other 
advantages. This approach, however, still has four 
major advantages. ( 1 ) More rugged mechanically. 
Screw-on attenuators. (2) More rugged electrically. The 
50-kQ series resistance limits the current for diode 
protection. lOOV DC may be applied to the probe tip. 
(3) Since the source impedance is isolated by the 50-kQ 
resistor, varying the source impedance has much less 
effect on the sampling bridge than conventional sam- 
pling probe designs. (4) The built-in attenuator auto- 
matically reduces any kickout that the balanced bridge 
may still have. 

Type S-4 25-ps State Of The Art 

The Type S-4 provides state-of-the-art sampling per- 
formance with its 25-ps, 14-GHz performance. This 
unit introduces the first use of a 3-mm (mates with 
OSM®)^ connector used on an oscilloscope. The Type 
S-4 is specified with less than 10 mV of noise (un- 



smoothed) and a =izl0% transient response as observed 
with the S-50 25-ps risetime Pulse Generator. Fig. 5 
illustrates the Type S-4 Sampling Head and the Type 
S-50 Pulse Generator Head used in a Type 3S2 for a 
high-resolution TDR measurement. 

The user is assured of more sampling head types evolving 
because of the relatively low development cost associated 
with the head. In addition, development times are 
shorter since only the input characteristics are being 
changed. These two factors, combined with the de- 
velopment of new devices, offer promise of an even 
wider line of performance trade-offs in the future. With 
each advance in measurement technology, new heads 
can be added quickly to extend performance or con- 
venience features. The current family of existing sam- 
pling heads is an excellent example of the speed with 
which these new heads may be developed. 

Random Sampling Eliminates Need 
For Signal Delay Lines 

The introduction of the 3T2 Random Sampling Sweep 
Unit in 1967 provided the impetus to develop the sam- 
pling head concept. Prior to this time, sampling oscillo- 
scopes offering internal triggering used trigger pick-off 
circuitry and delay lines to develop the necessary pre- 
trigger. Two compromises were involved: (1) There 
was always some signal degradation since the signal 
passed through the delay line element; and (2) input 




Fig 2. Transient response of Type S-1 and 
Type 284. Vert: 50 mV/cm. Horiz: 2 ns/cm. 




Fig 5a. In-line TDR system. 




Fig 3, Signal loss due to 3-foot coaxial cable 
at 15 GHz. Vert: 100 mV/cm. Horiz: 50 
ps/cm. 




Fig 5b. Discontinuity from connector pair. 





Fig 5c. Maximum amplitude resolution. 



Fig 5. The in-line TDR system is particularly well-suited for studying discontinuities in short, 
high-quality transmission systems. The Type S-50 Pulse Generator propagates the pulse down 
the test line until it encounters the point discontinuity which reflects energy to the generator. 
The short circuit source impedance (3 Q) of the TD generator re-reflects the energy back 
through the test line into the sampler for observation. Signal-to-noise considerations are opti- 
mized since the full 400 mV of the pulse is available. Fig 5c shows an observed p (reflection 
coefficient) of 0.004 which corresponds to a shunt capacitance of 0.008 pF. Fig 5d shows two 
discontinuities separated in time by 40 ps (80 ps displayed) or a distance of 8.4 mm in a solid 
Teflon* transmission line. 




t Registered trademark of Omni Spectra, Inc. 
* Registered trademark of DuPont 
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Fig 6. Type S-4 and Type S-50, 35 ps dis- 
played risetime. Vert: 100 mV/cm. Horiz: 
20 ps/cm. 



Fig 8. Multiple exposure of 100-ps and 35-ps 
TDR systems. Vert: 5% {p = 0.05)/cm. 
Horiz: 50-ps/cm. 



Fig 7. Multiple Exposure. The random mode 
allows observation of the leading edge with- 
out delay lines or pretriggers. Vert:100 mV/ 
cm. Horiz: 10 ns/cm. 



impedance levels were restricted to a low impedance 
transmission-line approach since high-impedance delay 
lines are impractical. As a result, when using 100-kQ 
sampling probes, there was no means of internal trig- 
gering. In addition, sampling o.scilloscopes with rise- 
times faster than ;:^350 ps did not offer internal trig- 
gering because of the absence of the signal delay line. 

The availability of the Type 3T2 Random Sampling- 
Sweep Unit has eliminated these restrictions. Its unique 
random-sampling circuitry always allows observation 
of points prior to the triggering transition itself. Depend- 
ing on the sweep rate of the display, microseconds, or 
even milliseconds of time prior to the triggering event 
can be observed! This is an amount far greater than any 
conventional real-time oscilloscope can provide. With 
high-impedance probes, the advantages of internal trig- 
gering are present (although a separate trigger probe is 
required) since the user can monitor points in time 
before the trigger occurs. At the same time, it is possible 
to view 25-ps signals with the Type S-4 Sampling Head 
without pretriggers. 

The development of the Type 3T2 Random Sampling- 
Sweep Unit was a major factor in initiating develop- 
ment of the plug-in head concept. Once random sam- 
pling had been developed, it was then possible to con- 
sider a modular design approach without the use of 
delay lines, and still provide the advantages that internal 
triggering offers. Eliminating signal delay lines removed 
a major system bandwidth limitation and contributed 
markedly to size and weight reductions. At the same 
time, the problem of aberrations due to skin effect, 
dielectric losses of the delay lines, and compensation 
circuits were automatically eliminated. 

Variable Interchannel Delay 

Variable interchannel delay is a feature of the Type 
3S2 Plug-In that has not before been available. The 



user now has the ability to vary the delay of one channel, 
±5 ns, to ensure exact coincidence of time relationships. 
Minor manufacturing tolerances, probe differences, sig- 
nal paths, transmission lines, etc., may now be exactly 
matched to allow more precise time comparisons. 

This feature is of particular value when a high-imped- 
ance sampling head and a 50-Q sampling head are used 
together (cable transit times are different), or when dif- 
ferent length extender cables are required. In addition, 
it ensures optimum X-Y displays when the sampler is 
used in the A vertical, B horizontal mode. 

Digital Sweep Delay 

The development of digital delay in a sampling time- 
base unit. Type 3T5/3T6, offers a new versatility for 
oscilloscope users. It is now possible to dial in an exact 
delay over the range of 100 ps — 999.9 /j.s (see fig 10). 
This delay is generated by incorporating a clock and 
digital counter to ensure a precise jitter-free display 
whose stability is not a function of the delay time. This 
technique allows the Type 3T5/3T6 to maintain its 
basic 30-ps jitter specification with delays of up to 1 jits. 

Programmable Sampling Units 

The availability of the Type 3S5 and Type 3S6 Pro- 
grammable Sampling Units provide a new capability 
for use with the Type 568/230 Digital Readout System. 
Plug-in sampling heads present maximum interfacing- 
flexibility when signal sources require a different sam- 
pling head. The systems user is assured of maintaining 
maximum versatility since the systems limitation is basic- 
ally determined by the sampling head characteristics. 

The Type 3S5 and Type 3S6 offer digitally program- 
mable control of deflection factor, DC offset, polarity, 
and smoothing. 27 program lines using negative logic 
(true = ground or <2 V — false = open or >6 V) are 
required to program all measurement functions. 





DIGITAL 

COMPARATOR 



CLOCK 



COUNTER 



INPUT 

TRIGGER 



GATE 



DELAY 



DELAYED 

TRIGGER 



COMPARATOR 
'"A LEVEL 



TIMING 

RAMP 



FINE 

DELAY 



STROBE COMMAND 



Fig 9. Simplified block diagram of digital delay circuitry. 



DIGITAL DELAY RANGE 


Delay Range 


Increments 


Time/Div 


999.9 ns 


100-ps 


100 ps/div to 
500 ps/div 


9.999 JUS 


1-ns 


1 ns/div to 
1 jus/div 


999.9 jUs 


100-ns 


2 jus/div to 
500 jus/div 


Fig 10- 







The Type 3S5 and Type 3S6 have identical electrical 
characteristics. The Type 3S6 has all connections, in- 
cluding remote sampling heads on the rear panel, while 
the Type 3S5 provides all connectors on the front panel. 

The Type 3T5 and Type 3T6 Programmable Sampling 
Sweep Units provide a wide range of digitally pro- 
grammed functions. Time/div, delay time, and samples/ 
sweep are remotely programmable (true = ground or 
< 2 V ~ false = open or > 6 V) , or controllable from 
the front panel. The units are programmable over the 
wide range of lOOps/div to 500ms/div in 30 calibrated 
steps. Real-time sampling is used over the range of 1 ms/ 
div to 500 ms/ div. 

A new automatic trigger mode has been included in the 
Type 3T5 and Type 3T6 to eliminate the need for trig- 
ger adjustments as trigger amplitudes, repetition rates, 
risetimes, and pulse widths vary. 

The Type 3T5 and Type 3T6 have identical electrical 
characteristics. The Type 3T5 has a program connector 



and trigger input on the front panel while the Type 3T6 
provides these connectors on the rear panel. 

Real-Time Sampling 

The Type 3S2 can provide 100 kHz pulses to each 
sampling head independent of the real-time time base 
unit. When the Vertical Sampling Unit is switched to 
the non-sampling position and a conventional time base 
unit inserted, real-time internal triggering is available. 
The real-time sampling mode is limited to approximate- 
ly .1 ms/div since faster sweeps will begin to make the 
lOfis clock segments objectionable. Thus, signals ex- 
ceeding 20 kHz are seldom viewed in this mode. 

Real-time Sampling offers slower sweep rates with the 
full bandwidth of plug-in sampling heads. The char- 
acteristics of interest this mode offers are: 

( 1 ) Slow sweeps with full bandwith 

(2) Reduction of random noise through smoothing 

(3) DC offset capability with excellent overload re- 
covery 

Conclusion 

The sampling head concept has brought a shift in design 
effort toward the front end of the sampler, where it 
really belongs. In addition, there has been a reduction 
in the total number of sampling plug-in units required 
for the designer to be attentive to the instrumentation 
needs of tomorrow. 

These developments, combined with the options of digital 
readout, high resolution low-cost storage, random sam- 
pling and programmable units, offer the user more 
versatility at lower cost than ever before. 
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A New Approach to Fast Gate Design 




A unique sampling gate eliminates risetime dependency upon strobe width. This new development 
offers the highest speed sampling system to date and offers promise for even faster gates. 



George Frye 

Project Engineer, Sampling 

Fig 1 shows a section of delay line with switches inserted 
at point A and point C. A nonloading voltmeter placed 
at point B, measures the average of the voltage between 
the switches when the switch section is opened. When a 
fast step is applied to the line and the switches then 
opened, the following observations may be made. 

If the step propagating down the line is at point A when 
the switch opens, 0 volts are observed. If the switches 
are reclosed and a second observation made at a later 
time, when the wavefront has reached point C, the 
voltage is L When the step is just entering the switch 
at point A, we observe 0; if it is just leaving the switch 
at point C, we observe 1. Thus, we may state that the 
system 0-100% risetime is determined by the length of 
the switch section or C-A. Since we know the line has 
capacitance and voltage, we have effectively “trapped” 
a quantity of charge (Q=CE). If we now apply this 
concept to the model shown in fig 2, we can note some 
very important observations. 

The model in fig 2 illustrates a simplified form of the 



new sampling gate used in the Tektronix Type S-4 
Sampling Head. Diodes replace the switches and instead 
of opening the switches simultaneously, we turn the 
diodes off one after another. Although it is a balanced 
system, only one half of the system will be described. 

The leading edge of the strobe pulse turns the diodes 
on and the signal propagates into the conducting diodes 
and transmission line. The diodes remain on for the 
duration of the strobe pulse, being turned off by the 
trailing edge of the wave shape. The strobe pulse is 
designed to be longer than the transit time between the 
diodes. 

Gate action begins when the strobe trailing edge turns 
D2 off. At the same time, suppose a signal front enters 
through conducting diode Dl. When the front reaches 
D2, it is off since the strobe arrived there prior to the 
front. The signal front reflects and reaches Dl which 
is now off since the strobe trailing edge has preceded 
the front. Thus, the signal front has been effectively 
trapped in the transmission line between the two diodes. 
Note, however, that the gate characteristics are deter- 
mined by the strobe trailing edge (only one transition). 




The conventional sampling gate must take the diode from a fully-off condition, turn it fully-on, and return It to a fuHy-off condition. The time 
between the two fully-off conditions, tg, is the strobe width and determines the risetime of the system. In the Type S-4 gate, the diodes are 
fully-on as gate action begins, and only one transition is needed. Risetime is determined by the length of the transmission line as pointed out in 
the text. The conventional strobe for a fast sampling gate is very narrow since the strobe width determines the system risetime. The Type S-4 
uses a wide strobe and minimizes the problems inherent in narrow strobe generators. 



In this system, the 0~100% risetime is determined by 
twice the propagation time between D1 and D2, since 
both the front and the strobe must traverse the distance. 

The important points to note are the following: (1) 
Only one transition is required for the gate action (gate 
action occurs from a fully-on diode condition to a fully- 
off condition) . Using one transition offers substantial 
noise reduction possibilities. (2) The risetime of the 
system is not dependent upon the strobe width. (3) 
The propagation time between diodes in this system 
(8 ps) is much less than the strobe period of approxi- 
mately 200 ps. (4) Because the diodes currently used 
may be turned off in 5-10 ps, they do not present a 
significant ri.setime limitation. 
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Fig 1. Delay-line section. 




Fig 2. Simplified model of sampling gate for Type S-4. 




Fig 3. 25-ps hybrid gate. 6 Tektronix-manufactured diode chips are 
placed on a ceramic substrate. The substrate is formed with slots 
(0.020) which remove high dielectric constant material near the di- 
odes to reduce shunt capacitance. The diode chips are set in place, 
extending over the slots, to minimize lead inductance. Dg is in the 
circuit to correct for signals capacitively coupled through the gate 
diodes when they are not conducting (blowby). 
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A Wide Choice 
of Pulses 



Jerry Shannon 

Project Manager, 
Generators 





Tektronix’ entry into the medium price 
general-purpose pulse generator market 
sets new performance standards, includ- 
ing total peak-to-peak aberrations of less 
than 3%. 

The Type 115 Pulse Generator was designed to meet 
the continuing requirement for a “clean” pulse gen- 
erator in the mid-frequency range (100 Hz — 10 MHz) . 
By providing separately variable amplitude, width, 
period, DC offset, risetime, falltime, and delay func- 
tions, the Type 115 offers a wide choice of stable pulse 
characteristics. 

The aberrations of the Type 115 are specified at +3%, 
—3%, total 3% peak-to-peak. Fig 3, on page 11, il- 
lustrates a magnified view of the baseline and pulse 
top of both positive and negative pulses with each 
division representing 2% of P-P amplitude. Note, all 
aberrations are well within the 3% specification. 

The Type 115 has variable risetimes and falltimes (10 
ns- 100 fjis) which remain constant while varying pulse 
amplitude. The amplitude may be varied from dzlO V 
( 50 Q ) to ±100 mV without changing the risetime or 
falltime from its 5% ±1 ns accuracy specification. In 
addition, the full range of ± DC offset is available to 
the user. A screwdriver preset is located on the front 
panel to allow DC voltage offset to be preset. A front 
panel switch offers the choice of variable or preset DC 
offset. 

Considerable attention is given to front panel logic 
in the Type 115. An example is in the use of the term 



pulse period instead of pulse repetition rate to be more 
consistent with time-domain logic. This also helps the 
user to more quickly determine an error in setup (i.e. 
width greater than period). 

A unique burst mode provides output pulses as shown 
in fig 9. In this position, the delay control functions as 
a BURST DURATION control while the PERIOD 
control determines pulse repetition rate. This mode is 
convenient since only an external trigger is required to 
initiate the burst (gate waveshape is not required). 

The Type 115 is a solid-state design which ensures 
optimum reliability and includes a short-proof power 
supply. Plug-in transistors have been used throughout 
with the exception of high power transistors that re- 
quire the chassis as a heat sink. Output protection is 
a feature of the Type 115 and the output may be sub- 
jected to open, short, or inductive surges without dam- 
age to the instrument. 

The Type 115 has been designed to occupy one-half of 
a standard 19-inch rack. Two Type 115 Pulse Genera- 
tors require only 5% inches of panel height when used 
with an optional rack adapter. Thus, the Type 115 is 
ideally suited for applications where space is at a pre- 
mium, whether a portion of a complex system, or in 
bench operation. 

The price of the Type 115 Pulse Generator, including 
a 5-watt 50-Q termination and cable, is $825. Further 
details are included on pages 15-16 in the New Prod- 
uct Supplement to Tektronix Catalog 27 (1968). 
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Fig 1. Multiple exposure showing typical Fig 2. Multiple exposure. 7 V pulse with 10 ^'9 Composite photo illustrates + and -10 

aberrations on positive and negative pulses ns rise and fall showing offset capability of ^ pulses (t,* and tf 10 ns) with waveform 

with varying amplitudes. Horiz: 20 ns/cm. ±5 V in 2.5 V increments. Horiz: 50 ns/cm. baseline each magnified 50 times. 

Vert: 4 V/cm. Vert: 2.5 V/cm. that all aberrations are well within 3%. 

Horiz: 2 ns/cm. Vert: 200 mV/cm. 




Fig 4. Multiple exposure showing variable Fig 5. Multiple exposure illustrating PAIRED Fig 6. Minimum pulse separation. Horiz: 

risetime and falltime. Horiz: 500 ns/cm. PULSES (upper) and DELAYED PULSE 20 ns/cm. Vert: 2 V/cm. 

Vert: 10 V/cm. (lower) modes, Horiz: 50 ns/cm. Vert: 25 

V/cm. 




Fig 7. Pulse burst from combined output of Fig 8. GATED mode. Multiple exposure Fig 9. BURST mode. Multiple exposure 

two Type 115's. The burst of pulses was showing time relationship between external showing time relationship between external 

triggered by the + delayed trigger from the gate input (lower trace) and pulse burst. trigger (lower trace) and pulse burst. Horiz: 

instrument generating the pedestal. Horiz: Horiz: 5 fis/cm. Vert: 5 V/cm. 1 jus/cm. Vert: 5 V/cm. 

10 jLis/cm. Vert: 2 V/cm. 



MIXING PULSE 
SOURCES 

Often it is necessary to mix two or more pulse gener- 
ators to obtain a desired pulse train. Fig 7 shows 
one complex waveshape that may be obtained by mix- 
ing two Type 115 pulse generators. Three simple rules 
will minimize problems when mixing sources. 

(1) Do not exceed the output voltage specification 



with the combination of pulse amplitude and off- 
set. (Type 115 specification ±10V pulse dz5 V 
DC offset.) 

(2) Use .5 multiplier to avoid exceeding the output 
voltage specification when mixing two generators. 

(3) Use multiplier of .5 or .2 (provides back termina- 
tion) or a power divider to minimize reflections. 
(Only important with fast risetimes.) 
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Modes off Operalion 
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PULSE OUTPUT 
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TYPE 115 PULSE GENERATOR CHARACTERISTICS 


FEATURE 


RANGE 


GENERAL APPLICATION 


AMPLITUDE 


+10 V to +100 mV, 3 ranges continually variable 


Threshold determination stimulation, linearity 


DC OFFSET 


+5 V in 3 ranges continually variable — full range 
useable with any amplitude setting 


Baseline compatible with input requirements 


RISETIME AND FALLTIME 


10 ns - 100 MS in 4 ranges continually variable 


Transient response testing 


WIDTH 


50 ns to 500 ms in 4 ranges continually variable 
(duty factor at least 75%) 


Duty cycle appropriate for system response 


DELAY 


50 ns to 500 ms in 4 ranges continually variable 


Time-domain control of event 


PERIOD 


1 00 ns to 10 ms in 5 ranges continually variable 
(minimum pulse separation -50 ns) 


Frequency of event (clock rate) 


GATED 


Ext positive pulse required, 2 to 20 V 


Generation of pulses coincident with gate duration 


BURST 


Ext positive trigger required, 2 to 20 V 


Generation of pulses during BURST DURATION 
initiated by ext trigger 


PAIRED PULSES 


Separated by delay time, recur each period 


Resolution between events 


EXTERNAL TRIGGERING 


Ext positive trigger required, 2 to 20 V 


Method of external time reference 


SINGLE PULSE 


Manual push button 


Single-event occurrence 


MIXING 


See mixing sources on page 1 1 


Algebraic sum of two pulse generators — more 
complex waveshapes possible 


TRIGGER OUTPUTS 


+Pretrigger +2 V into 1 +Delayed Trigger 

+2 V into 1 


Initiate remote timing functions 


ABERRATIONS 


+3%, -3%, 3% peak-to-peak 


More accurate determination of system response 
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Service Notes 




USED INSTRUMENTS FOR SALE 

1 — Type 575 Transistor Curve Tracer. 
In good condition. Contact: Howard 
Mappen, Molded Electronics, Inc., 459 
East Main Street, Denville, New Jersey 
07834. Telephone: (201) 625-0299. 

l__Type 524 AD, SN 2710, and one 
Cathode Follower Probe. Contact: Mr. 
Schatz, Bond TV, Hudson Boulevard, 
Jersey City, New Jersey. Telephone: 
(201) 333-3112, day; 434-6574, night. 

1— Type 570, SN 5508. Price: $500. 
In excellent condition. Contact: Guy 
Falcioni, Air Reduction Research Labs, 
Murray Hill, New Jersey 07975. Tele- 
phone: (201) 464-2400, ext. 283. 

1— Type 533 A/535/54 1/545. Also, 2 ~~ 
preamps and complete 160-Scries Gen- 
erators. Contact: H. Posner, Pacific 

Combustion Engineering Company, 
5272 East Valley Blvd., Los Angeles, 
California. Telephone: (213) 225-6191. 

1— Type 560, SN 000358. 1— Type 50, 
SN 000250. 1— Type 51, SN 000268. 
Contact: Bob Long, Bank Administra- 
tion Institute,- 303 South Northwest 
Highway, Park Ridge, Illinois 60068. 
Telephone: (312) 775-5344. 

1— Type 2B67 Time-Base Unit. Price: 
$150. Used 14 months. Contact: T. R. 
Evans oi* P. A. Leemakers, Department 
of Chemistry, Wesleyan University, 
Middletown, Connecticut 06457. Tele- 
phone: (203) 347-4421, ext. 379. 

l-~Type 504, SN 001387. Used only 
once; three years old. Contact: James 
E. Stewart, Electronics, 1308 William 
Flynn Highway, Glenshaw, Pennsyl- 
vania 15116. Telephone: 486-9797. 

1 — Type CA Plug-In Unit. Price: $125. 
Contact: Mark Kramer Colortran In- 



OPTIMIZING SYSTEM RISETIME 

The system risetime of a 1S2 may be 
improved from 140 ps to about 100 ps 
by a rather simple technique, if you 
can tolerate a 4-to-l increase in signal- 
to-noise ratio. Noise is usually a prob- 
lem only when trying to see extremely 
low percentage reflections, and the ad- 
ditional time resolution may be use- 
ful in other applications. Rho calibra- 
tion will also be off by a factor of four. 

1. Connect a 20 cm GR air line (017- 
0084-00) to the volt step output. 

2. Attach a GR power divider (017- 



dustries, 1015 Chestnut Street, Bur- 
bank, California 91502, Telephone: 
(213) 843-1200. 

5- --Type 533, SN 1075, 001568, 002139, 

002136, 002156. 1— Type 561, SN 

00992. l—Type 535 A, SN 002184. 

6— Type CA, SN 005528, 018803, 013- 
427, 009277, 013426, 023682. 1— Type 
53/54E, SN 2220. 1— Type L SN 007- 
971. 3^Type H, SN 003170, 003169, 
002970. l--Type TU-2, SN 000791. 
2-_Type 63, SN 000342, 000341. 2 ~ 
Type 67, SN 000570, 001118. 1 — Type 
180A Time-Mark Generator, SN 007- 
013. Contact: Victor Ferramosca, Com- 
puter Systems, Inc., 2042 Westmoreland 
.Street, Richmond, Virginia 23230. Tel- 
ephone: (703) 353-7856. 

U-Type 130 LC Meter, SN 405, with 
S30 Delta Standard. Price: $125. Con- 
tact: Mr. E. Silverman, Oak Park 

Tool <& Die Company, 8726 Northend 
Avenue, Oak Park, Michigan 48237. 
Telephone: (313) 547-4688. 

1 -Type 524D, SN 750. Price: $450. 
Contact: Ray Swalley, 5544 North 

35th, Tacoma, Washington 98407. Tele- 
phone: (206) 752-3544, 

U-Type 321, SN 001048 with P6022 
Probe. Price: $450. Contact: Miss 

Jensen, Elcctro-Autosi/ing Machine 
Corporation, 140 Woodland Avenue, 
Westwood, New Jersey. Telephone: 
(201) 664-5540. 

1— Type 532, with CA, B, L, and 1L20 
Plug-Ins. Price: $2150 complete. All 
units perfect and guaranteed. Contact: 
G. Cecil Translal) Inc., 4740 Federal 
Blvd., San Diego, California 92102. 
Telephone: (714) 263-2246. 

1 — Type 514, SN 1545. Contact: Steve 
Flalmo, Ny Strom Aviation, 1901 Em- 



0082-00) to the end of the air line. 

3. Attach the cable or transmission line 
to be tested to one branch of the 
power divider. 

4. Attach a short length of high qual- 
ity cable between the other branch 
of the GR power divider and one 
input to the 1S2. (Tektronix 2 ns 
cable, 017-0505-00, can be irsed with 
surprisingly little deterioration of 
response. ) 

5. Attach a 50-ohm termination (017- 
0081-00) to the other 1S2 input. 

That’s all there is to it. 



barcadero Rd., Palo Alto, California 
94303. Telephone: (415) 327-7640, ext. 
17 . 

1— Type 564, SN 2157. 1— Type 3A1, 
SN 1410. 1— Type 3B4, SN 140, 2-- 
Type P6006. 1— Type P6028. Price: 

$1450. All in good condition. Contact: 
James W. Browder, Ryan K. Aero- 
nautical Co., San Diego, California. 
Telephone: (714) 296-6681, ext. 8247 
or 8248. 

l__Type 536, SN 260; 1— Type 53/ 
54T. Price: $600. l~Type 502, SN 
2139. Price: $550. l—Type 504, SN 
908. Price: $250. l—Type 53/54E 

Plug-In. Price: $75.00. Contact: Eric 
W. Vaughan, The Superior Electric 
Company, Bristol, Connecticut 06010. 
Telephone: (203) 582-9561. 

l__Type 310, SN 4978. Contact: 
COMMSULT, Inc., 3355 Prarie, Boul- 
der, Colorado. Telephone: 444-5900. 

USED INSTRUMENTS WANTED 

l—Type 585A/82/1A2/1A6. Contact: 
Mr. Ettinger, Mark Computer Systems, 
40 South Mall, Plainview, New York 
11803. Telephone: (516) 694-9655. 

1— Type 575 Curve Tracer. Contact: 
Derrick Lindsay, 13 Beechwood Lane, 
We.stport, Connecticut. Telephone: 
(203) 227-5957. 

2 — Type S Plug-In Units. In any con- 
dition. Contact: Murray Goldstein, 

Scientific Components, 350 Hurst St., 
Linden, New Jersey 07036. Telephone: 
(201) 925-4022. 

1 — Type 585. l—Type 82. Contact: 
Donald A. Paris, 48 East Circle Drive, 
East Longmeadow, Massachusetts 
01028. 
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Reading 

Capacitor 

Codes 

There are a number of different color 
codes for capacitors. The following 
summary should help you save time in 
identifying most of the capacitors you 
encounter. Different marking schemes 
are used mainly because of the varying 
needs the different capacitor types ful- 
fill. For instance, temperature coeffi- 
cient is of minor importance in an 
electrolytic filter capacitor, but very 
important in ceramic trimmers for at- 
tenuator use. You never find tempera- 
ture coefficient (T^) on an electrolytic 
label, but ceramic trimmers always 
carry it. 




I. CERAMIC DISC CAPACITORS 



Often called “discaps” (that’s the trade- 
mark of one manufacturer), ceramic 
disc capacitors are available in two 
categories: temperature compensating or 
class I, and “high-K” or class II. T^ 
types usually carry the capacitance in 
pF’s directly. Tolerance may be shown 
in percent or by letter: 

M = ± 20% 

K = ± 10% 

J = d= 5% 

G = ± 2% 

F dt 1% 

Temperature coefficient is indicated 
by PI 00, which means +100 P/M/° C, 
or N750 for ™750 ?/M/^ C, NPO for 
0 P/M/^ C, N030 for -30 P/M/° C, 
etc. All these T^’s have a tolerance, 
too. NPO is usually ±30 P/M/° C, 
with looser tolerance on larger T^’s. 
T<- tolerance is also looser on very low 
capacitance parts. 

“High-K” types list capacitance the 
same way (or in /xF), and in addition 
sometimes use a multiplier scheme as 
follows: 102 for 1000 pF, 473 for 47,000 
pF, etc. Capacitance tolerance is shown 
as above, with the addition of P for 
GMV (“guaranteed minimum value” or 
-0, +100%), and Z for —20, +80%. 
The temperature coefficient of these 
units is usually not linear, so only the 
maximum capacitance change due to 
temperature from the 25° C value is 
given. This is called the “temperature 
characteristic”, a typical case being 



“Z5U”. This table explains the mean- 
ing of the more common temperature 
characteristic designations. Tempera- 



ture range 25. 
over which Y5. 
characteris- ^r 
tic IS etiec- 
tive: 

Limits of capacit- 
ance change from 
the room tempera- 
ture value: 



+ 10° C to +85° C 
—30° C to +85° C 
—55° C to +85° C 
—55° C to+125° C 

D: ±3.3% 

E: ±4.7% 

F: ±7.5% 

S: ±22% 

U: +22, -56% 

V: +22, -82% 



Thus “Z5U” means that temperature 
can cause the capacitance to increase a 



maximum of 22%, or decrea.se a maxi- 
mum of 56% from the room tempera- 
ture value, within the limits of +10° C 
and +85° C. 

Whether voltage rating appears on a 
disc depends on the manufacturer’s 
practice. Most do not include it on 
their “standard” voltage rating, which 
is 1000 V for Sprague and RMC, and 
500 V for Erie. Other voltage ratings, 
however, are printed on the capacitor. 

High-voltage ceramic discs and plates 
used at Tektronix are of class II di- 
electric material, and carry labels simi- 
lar to the class II discs. 



II. CERAMIC TUBULAR CAPACITORS 



These units are usually white enamel 
coated and have parallel radial leads. 
“Dog bones” come in both class I and 
class II dielectrics and in several sizes, 
at least one being too small for a com- 
plete code of any kind. The code con- 
sists of color dots which show' T^, ca- 



pacitance, and tolerance. The smallest 
style shows only capacitance and tol- 
erance, and none can show the capaci- 
tance of a close-tolerance part to great- 
er than tw'o significant figures. The 
more common examples are illustrated 
below. 




Dots m 

Example: For NPO, (1) is black, 
i2) is missing. For Z5U, <1) is 
brown, (21 is grey. For Y5D, (1) 
is silver. (21 is brown. 



Dots (3) & (4) show the 1st & 2nd 
sig. figs., representing capacitance. 
Std. RIVIA color code. 



Dot (5) shows the multiplier; 
black for no mult, brown for X10, 
red for XI 00, etc. 
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III. BUTTON MICA CAPACITORS 




The most difficult aspect of under- 
standing the code on these parts is 
“where do you begin?” The sketch 
shows that the first dot is keyed to a 
center terminal lug. 

Dot Meaning 

1. Identifier: Black, except omitted 

where capacitance must be specified 
to 3 significant figures. 

2. Capacitance: 1st significant figure 

in pF. 

3. Capacitance: 2nd significant figure 
in pF. 

4. Multiplier of Capacitance: black — 
XI, brown = XIO, red = XI 00, 
etc. 

5. Capacitance Tolerance: black = 
±20%, silver := ±10%, gold = 
±5%. 



6. “Characteristic”: black (means a 

temperature coefficient falling some- 
where between — 20 and + 100/P/ 
M/°C. 

Note: The dots always read in a clock- 
wise direction. 



If the button has no center lug termi- 
nals, the manufacturer tries to put the 
dots more on one side than out on the 
very edge; thus the code can be seen 
from one side only. 



IV. MOLDED MICA CAPACITORS 




Color codes on this type vary, causing 
much confusion. There are two basic- 
ally different code schemes, one being 
“OLD”, the other one being the EIA/ 
MIL scheme currently in use. The 
sketch shows the difference. 

OLD 

Dot Meaning 

1. Capacitance: 1st significant figure 
in pF. 

2. Capacitance: 2nd significant figure 
in pF. 

3. Capacitance: 3rd significant figure 
in pF. 

4. Multiplier of capacitance. 

5. Tolerance: Black = =^20% 

Silver = 10% 

Green ±5% 
Browm ~ ± 1 % 

6. “Characteristic”: Brown = B 

Yellow = E 
Green = F 
EIA/MIL 

Dot Meaning 

1. Identifier; White if per commercial 
specification, black if per mil speci- 
fication. 

2. Capacitance: 1st significant figure 

in pF. 

3. Capacitance: 2nd significant figure 
in pF. 

4. Multiplier of capacitance. 

5. Tolerance: same as “OLD”. 

6. “Characteristic”: same as “OLD”. 
Note: “Characteristic” in mica capaci- 
tors refers to the temperature coefficient 
and capacitance drift. 



Char. 


Tc 

(P/M/-C) 


Drift 


B 


±500 


: ±3% +1 pF 


C 


±200 


±(0.5% +0.5 pF) 


D 


±100 


+(0.3% +0.1 pF) 


E 


-20 to -MOO 


+(0.1% +0.1 pF) 


F 


0 to +70 


+(0.05% +0.1 pF) 



V. DIPPED MICA 
CAPACITORS 

These parts carry a printed label much 
like that on ceramic discs. They may 
include the characteristic letter ex- 
plained in the preceding table at left. 

VI. PAPER & FILM 
CAPACITORS 

Aluminum and Tantalum Electrolytic 
Capacitors: In almost all cases they 



carry printed or stamped labels con- 
sisting of capacitance, tolerance, and 
voltage rating. Other characteristics 
are either unimportant or are reason- 
ably consistent in all capacitors of the 
same kind. 

VII. CERAMIC TRIMMERS 

The printed-on labels usually show ca- 
pacitance range and temperature char- 
acteristic. TC reads the same as on 
ceramic discs. The tolerance on TC of 
ceramic trimmer rotors is much looser 
than on fixed capacitors, for mechanical 
reasons. 

VIII. AIR TRIMMERS 

The same principle applies as in the 
case of paper and film capacitors. Only 
capacitance range need be indicated as 
TC is essentially uniform in this type. 



Printed in U.S.A. 



SKD 10/68 
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This issue of SERVICE SCOPE discusses some of the state-of-the-art developments in sampling technology. Since the develop- 
ment of sampling by Janssen and Michels in 1950, Tektronix engineers have made a number of significant contributions to 
sampling technology. Listed below are some of the more important developments and the year in which they occurred. 

1960 Plug-in sampling unit converts conventional oscilloscope to sampling oscilloscope at modest cost. 

1962 High-quality delay lines allow internal triggering and the observation of signal leading edges. Miniature low capaci- 
tance, passive probes developed. 

1962 Digital readout introduced. 

1 963 1 00-ps sampling introduced . 

1964 Low-cost, high-resolution storage combined with sampling. 

1965 Miniature high-impedance sampling probes introduced. 

1966 Wide-range sampling time base introduced, 10 ps/cm to 5 s/cm. 

1967 Random sampling eliminates need for signal delay lines. Allows viewing of up to 5 cm before trigger. 

1968 New sampling concept developed. 6 plug-in heads introduced. 25-ps sampling with 35-ps TDR. Programmable sampl- 
ing units, digital delay, and 3 mm connectors. 

1969 MORE TO COME! 



SOMETHING NEW IN 
OSCILLOSCOPE CONNECTORS 



Fig 1. 
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NO 


ITEM 


PN 


1 


Cable, 2 ns 


015-1005-00 


2 


Cable, 5 ns 


015-1006-00 


3 


Attenuator, 2X 


015-1001-00 


4 


Attenuator, 5X 


015-1002-00 


5 


Attenuator, 10X 


015-1003-00 


6 


Termination, 50 n 


015-1004-00 


7 


Adapter, IVI to M 


015-1011-00 


8 


Adapter, F to F 


015-1012-00 


9 


Adapter, iVI to 7 mm 


015-1010-00 


10 


Adapter, IVI to N(F) 


015-1009-00 


11 


Adapter, M to GR 


015-1007-00 


12 


Adapter, F to GR 


015-1008-00 



* 

A 3-mm (mates with OSM®) line of connectors is currently 
stocked by Tektronix. When development of the 50-ps (7- 
GHz) Type S-2 Sampling Head was completed, studies were 
undertaken to determine the best connector for higher-fre- 
quency sampling oscilloscope designs. As a result, Tektronix 
has standardized on the 3-mm miniature connector line for 
higher-frequency developments. 

This line of connectors offers the following advantages to the 
customer: (1) Operation at all frequencies up to 26 GHz. 

Since the 25-ps S-4 Sampling Head represents 14-GHz 
response, there is sufficient additional performance so the 
connector docs not present a design limitation. (2) Avail- 
ability of a full range of adapters and accessories from a num- 
ber of manufacturers at competitive prices. Adapters are 
commercially available to adapt to Type N, TNG, BNC, GR, 
ARC, and OSSM. (3) It is a high-reliability connector I)C- 
cause of the following considerations: (a) It is self cleaning, 
thus it is difficult for gradual signal degradation to occur. 
At the same time, a time-consuming cleaning process is not 
required. (I)) There are fewer moving parts, so the surface- 
to-surface contact is better than other connectors available. 
(4) The VSWR of the 3-mm line is quite good, although not 
as good as .some of the more precise, larger diameter lines. 
The high-speed sampling gate inherently produces discon- 
tinuities that negates much of the value of an expensive, 
high-precision connector. Therefore, the less expensive, 
medium precision 3-mm connector seems a good choice. 
In addition, the VSWR can be improved by in.serting a 
high-quality attenuator, with very little sacrifice to the 
user. (5) Minimum front-panel space is required. 

These considerations represent an excellent value connector 
for the customer. Fig I .shows the 3-mm accessories currently 
being stocked by Tektronix. 



16 *OSM is a registered trademark of Omni Spectra, Inc. 
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COVER 

The displayed digit 2 is illus- 
trative of the dual-purpose de- 
sign of Tektronix digital com- 
ponents. These modular com- 
ponents are available: (1) indi- 
vidually, as components of a 
particular digital system; (2) as- 
sembled, as a Tektronix Meas- 
urement System (see p 16). 



The widespread use of integrated circuits in the electronics industry, 
and the promise of even greater use in the near future, has focused 
attention on the need of externally programmable digital systems. To 
meet these needs Tektronix has developed a family of digital system 
components that meets IC-testing needs in manual, semi-automatic, 
or fully-automated measurement systems. Although these system com- 
ponents have been designed primarily with the integrated circuit tester 
in mind, their flexibility suggests them for many other types of testing. 
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Fig 1 . The modular design concept of Tektronix digital system components offers many varied measurement combinations. 



Tektronix digital systems are dynamic measurement 
systems. The basic measurement characteristics are 
determined by the combination of the sampling sweep 
unit (Type 3T5^ Type 3T6), the sampling vertical unit 
(Type 3S5j Type 3S6), and the individual sampling 
head (Type S-l, Type S-2, Type S-3, Type S-4)'^'. The 
Type 568 Oscilloscope and Type 230 Digital Unit are 
then used to digitize and display the information. 



A MODULAR DESIGN CONCEPT 



A family of modular digital system components offering 
versatility and expandability eliminates much of the 
need for special-purpose test equipment. The wide 
choice of sampling heads combined with this design 
concept assures the user of a system that can be easily 
changed to accommodate current needs. In addition, 
the availability of wide range sampling sweep units 
(100 ps/div — 500 ms/div with digital delay,) assures 
the user of a time window with adequate resolution. 
The ability to upgrade a complete system by replac- 
ing only the sampling head provides an inexpensive 
hedge against system obsolescence. 

The Type 230 Digital Unit is the heart of Tektronix 
systems. In addition, programmable sampling units, 
programmable pulse generators, sampling heads, and 
programming devices have been developed. These units 
serve as building blocks for simple and complex sys- 
tems. Options such as disc memories, punched tape 
readers, tape punches, and probe choppers, have also 
been developed to provide the answer for a wide vari- 
ety of applications. 

Tektronix system components are designed to serve 
two distinct markets. First, they have been designed 

*AI Zimmerman, 'The State of the Art in Sampling," 

Tektronix Service Scope, October 1968, pages 2—7, 



to serve as components for the user to combine as he 
wishes. For example, if a test equipment engineering 
group is available, Tektronix systems are ideal for use 
as building blocks for more complex custom testers. 
Secondly, Tektronix offers digital measurement systems, 
including the systems engineering necessary for a par- 
ticular measurement requirement. These systems are 
composed of Tektronix catalog products with additional 
equipment such as programmable pulse generators, pro- 
grammable power supplies, fixtures, equipment racks 
and other equipment added to them, 

Tektronix digital instruments provide digital readout 
of measurements that may also be displayed in analog 
form on a CRT. They offer measurement speeds in 
excess of 100 measurements per second, external pro- 
gramming of nearly all manual operations, and BCD 
data output (1 2 4 8). They allow dynamic switch- 
ing time measurements to be made with greater speed, 
accuracy, and repeatability than a direct CRT meas- 
urement. 

One of the unique aspects of the current line of Tek- 
tronix digital instrument components is the ability to 
correlate information between development, pilot pro- 
duction, and volume production. The wide choice of 
Tektronix programming options combined with the 
state-of-the-art performance provides an economical 
tester over a wide range of test requirements. For ex- 
ample, a small manual tester in a development phase 
uses the same basic measurement section as a high-speed 
production system even though that system is capable 
of elaborate program branching and a library of 1600 
measurements. This uniformity of test conditions elimi- 
nates one of the major hazards of changing a device 
from a development environment into a production 
environment. 
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The Type 230 Digital Unit 



The heart of Tektronix Digital Systems is the Type 
230 Digital Unit which operates in conjunction with 
programmable sampling units. The diagrams below 
illustrate how the counts are derived for voltage and 
time measurements. 

The sampling plug-ins construct a display with each 
signal repetition contributing a sample. Because the 
samples per division are accurately controlled, the 
count of samples between 2 selected portions of a 
waveform is an accurate measure of the elapsed time. 
0% to 100% intensified zones are generated that 
are variable in .5-cm increments by means of a 20- 
position switch. By using these zones and the signal 
delay, the user positions the 0% and 100% zones 
as desired. After the first sweep, the amplitudes cor- 
responding to the zones are stored in memory cir- 
cuits. Changes in amplitude automatically re-estab- 
lish new 0% and 100% memory amplitudes. 

In a typical time measurement, digitally selected 
voltage divider taps between the 0% and 100% 



memory outputs are set for start and stop timing in 
1% (or 1mm) increments of either waveform of a 
dual- trace display. The selected percentage refer- 
ence levels are then compared against the sampled 
input waveform on the second sweep. Coincidence 
of the waveform amplitudes with the selected per- 
centage refei'ence amplitudes is sensed by comparators 
which open and close the clock gate to the digital 
counter. The CRT display can be intensified for 
the duration of the measured interval as a reference 
check. The number of clock pulses are read out dig- 
itally in nanoseconds, microseconds, milliseconds, or 
seconds with decimal points included. 

To measure voltage, start and stop comparators 
gate 1-MHz clock pulses for the period of time that 
a linear ramp voltage is at values between the 0% 
and 100% amplitudes. The number of clock pulses 
is proportional to the voltage between the selected 
measurement points. Readout is in mV and V with 
decimal points included. 




TYPE 230 

Time Measurement 



TYPE 230 

Voltage Measurement 




GATED CLOCK TO COUNTER 
VOLTAGE TO DIGITAL CONVERSION 
NUMBER OF CLOCK-PULSES PROPORTIONAL TO VOLTAGE 
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Incoming inspection is also an application that Tek- 
tronix measurement systems handle well. 100% dy- 
namic testing now becomes feasible for incoming in- 
spection of IC’s, whether the 15-measurement Type 241 
or the 1600-measurement Type 240 with disc option 
is used. Both cases allow measurement rates of over 
100 measurements per second, and as a result compo- 
nent handling sets the maximum test rate in practice. 



PROGRAMMING DIGITAL MEASUREMENTS 



Once a user has become familiar with the Type 230/ 
568/System (with sampling plug-ins) and has de- 
termined that some repetitive testing is required, the 
Type 241 Programmer is a logical choice. There is 
sufficient external programming capability to control 
a Type 230/568/3T5/3S5 and an additional 14 lines 
for external equipment (159 total lines). The pro- 
grammer may be used manually or in the automatic 
sequence modes. Measurement limits may be pro- 
grammed and out-of-limit conditions can stop the 
measurement sequence if desired. 

A system composed of these units is ideal, both for 
bench use where similar tests are being conducted often, 
and for small pilot runs where devices are being char- 
acterized. 




Fig 2. Type 241 program card with diode insertion tool. The card 
and tool are polarized so the diodes cannot be inserted incorrectly. 



To prepare a program the user inserts the diodes pro- 
vided into special mounting clips on the card with a 
special tool. Up to 15 different measurements may be 
programmed for any measurement sequence. The Type 
241 also has storage space for 15 additional program 
cards. 



Fig 3 shows a card being programmed for a risetime 
measurement. Most individual measurements require 
15 to 20 diodes to be inserted. 

An important feature of all Tektronix externally pro- 
grammed digital systems is the high-speed program 
mode of operation. When the system is operating in 
this mode, the time base runs at a low-sample density 
of 100 samples per sweep when the instrument is not 
measuring. During the measurement portion of the 
sweep, however, 1000 samples are used for greater reso- 
lution. This feature eliminates wasted samples and al- 
lows testing rates well in excess of 100 measurements/ 
second. 

A unique feature of the external program mode is that 
measurements may be made that can not be performed 
in the manual mode. The figures below illustrate two 
such applications. In addition, if printed data output 
is required, printers are commercially available to con- 
nect directly to the Type 230. 




Fig 3. Externally programming the 0% and 100% to 12 cm keeps the 
memories from discharging after each sweep. A faster sweep may then 
be used for additional resolution in risetime measurements where ring- 
ing or dribble up is present. 




Fig 4. External programming allows inhibiting the counter reset in 
time-to-peak measurements. Thus two consecutive counts may be 
added {and divided by two if that line is not in use) to obtain an 
average value. 
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(1) EDITING, MODIFY, 
DUPLICATE 

(2) WRITE PROGRAMS 
EFFICIENTLY 

(3) STOP ON LIMITS 



4 MEASUREMENTS /SEC 




[ TYPE 240 - ADD DISC 
I (4) LOADS DISC 

(5) MODIFY DISC DATA 

(6) MAKE SINGLE MEA- 
SUREMENT 

(7) BRANCHING AND 

I DIAGNOSTIC ROU- 

I TINES, SORTING 







PROGRAMMING MODES OF THE TYPE 240. In the tape system above, the reader loads the shift register 
which allows: (1) a complete program tape to be punched; (2) program characters to be easily modified; (3) a com- 
plete measurement sequence to be made. In the disc system the random access disc loads the shift register which al- 
lows: (4) load shift register with tape reader and write data on disc; (5) store modified data on disc sector selected; 
(6) a single measurement to be made and; (7) a measurement sequence to be made (return to ready at sequence end). 
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If the programming requirement is for greater than 
15 measurements, or if program branching for diagnos- 
tic testing is desired, the Type 240 Program Control 
Unit is the logical choice. The Type 240 is* designed 
to offer a flexible interface between the Type 230 and 
high measurement-rate systems. 

A Punched Tape Reader may be used with the Type 
240 for low-measurement rate systems. A maximum 
measurement rate of 4 measurements per second is 
available with this technique but the Disc Memory can 
be added later when programs are “debugged’’. The 
Punched Tape Reader is also convenient for loading- 
programs into the Disc Memory. 

The optional Tape Punch is used with the Type 240 
for generating new program tapes. (Most small com- 
puters employ a teleprinter including tape punch that 
may also be used). If the Disc Memory is used, pro- 
grams stored in the disc may be transferred to the Tape 
Punch for permanent storage. The combination of the 
Type 240 with a Punched Tape Reader offers a versa- 
tile systems configuration at a modest price. The Disc 
Memory can be added when the testing rate of 4 meas- 
urements per second is no longer adequate. 

The Type 240 is designed to accept program data 
serial-by-bit from an optional Disc Memory, serial-by- 
character from an optional Punched Tape Reader, or 



from an external source. When operating in this man- 
ner, the Type 240 acts as a 192 -bit shift register which 
distributes parallel program instructions to the meas- 
urement section of the system. In addition, however, 
it contains the read, write, and control electronics for 
the optional Disc Memory, optional Tape Reader, and 
optional Tape Punch, 

The optional Disc Memory provides measurement rates 
in excess of 100 measurements per second and offers 
sorting, classifying, and diagnostic test routines. The 
8-track rotation disc is capable of storing 200 complete 
measurements per track, thus permitting random ac- 
cess to a library of 1600 independent measurements. 



PROGRAMMING LOGIC 

Tektronix has standardized on the use of fixed word 
length for the logic in the Type 240 Program Control 
Unit. This compromise was chosen because of its ef- 
ficiency and flexibility in automated testing use. By 
incorporating an examine/modify mode into the pro- 
gram control unit, the greatest advantages of variable 
word length are present (i.e. ability to take a previous 
program and change only those portions of the program 
that are different) . Using fixed word length allows 
the opportunity to interrupt in the middle of a test 
sequence (i.e. measurement 21 of a 35-measurement 
sequence), and check each bit of data. With variable 
word length it would be necessary to begin at programs 
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1-20 since portions would be set up at the beginning 
and not changed after that. An additional benefit is 
that the test sequence may be changed at will without 
extensive reprogramming changes. 

The advantage of fixed word length to the digital sys- 
tem user is that data can be taken from a disc con- 
siderably faster, and any piece of data in all the reg- 
isters may be monitored easily. The examine/modify 
mode allows changing the old program, writing it on 
the disc and punching a new tape from the disc. 

The examine/modify mode is an extremely useful mode 
on the Type 240. When this mode is in operation char- 
acter data lights indicate the data that is in the shift 
register. Characters may be selected by character ad- 
dress switches and the characters can then be modified 
by the modify pushbutton. 

One of the inherent advantages of using the Disc 
Memory with the Type 240 is the ability to branch 
to a new measurement sequence as shown in fig 4. This 
then allows reclassifying of the device. This feature 
is also useful for checking-out of complete boards and 
assemblies. For example, if a signal is not found at the 
output, the program changes to a prior stage until the 
desired response is found. Automatically, the problem 
has been located to a stage instead of merely being 
rejected. 

One of the most important features of the Type 240 
is the ability to error-check all incoming data by means 



of a parity check. Thus if there is a transmission error 
it will likely be found before it creates a measurement 
problem. 

The Type 250 Auxiliary Program Unit is designed to 
provide 192 additional program lines (48-4-bit charac- 
ters) for use in conjunction with the Type 240. This 
allows programming of pulse generators, power supplies, 
fixtures, or other peripheral equipment. Program buf- 
fering, including level conversion, level inversion, and 
D-to-A conversion are also performed by this unit. The 
Type 250 requires systems engineering and intra-con- 
nection wiring for operation. Program assembly cards 
consisting of shift register cards (serial-to-parallel con- 
version), and program boards (negative logic, resist- 
ance, and conductance) provide for versatile control 
of programmable functions. 

Up to 2 Type 250’s may be added to a Type 240 to 
extend programming capability. When 2 Type 250’s 
are used with the disc memory, then the test format 
is a fixed word length of 144 4-bit characters and a 1080 
measurement library is available. 

The modular design of Tektronix digital components 
offers a wide range of versatility for measurement sys- 
tems. The ability to upgrade the bandwidth of the 
system by replacing only the sampling heads ensures 
a useful testing system after the original test require- 
ments are completed. The ability to add to a system 
at any time, with a minimum of interfacing problems, 
assures the user that his tester will not become obsolete. 



TYPE 



230 

240 

241 
R250 



R116 MOD 703 L 
R293 MOD 703 M 



3A2 

3B2 

351 

352 

355 

356 
3T2 
3T5 
3T6 
3T77A 



51 

52 

53 

54 



Disc Memory 
Tape Punch 
Punched Tape Reader 



TEKTRONIX DIGITAL SYSTEM COMPONENTS 



DESCRIPTION PROGRAM LINES PRICE 

DIGITAL AND PROGRAM UNITS— 

Digital Unit 104 $2965 

Program Control Unit 192 3750 

Programmer 159 1950 

Auxiliary Program Unit 192 1400 

PULSE generators ----------- — 

Programmable Pulse Generator 79 2775 

Programmable Pulse Generator 14 1300 

PLUG-IN UNITS— 

Analog/Digital Unit DC 500 kHz — 520 

Analog/Digital Time Base Unit 2 ^s - 1 s — 675 

Dual-Trace Sampling Unit — 1150 

Dual-Trace Sampling Unit* — 800 

Programmable Sampling Unit* 27 1450 

Programmable Sampling Unit* 27 1450 

Random Sampling Sweep Unit — 990 

Programmable Sampling Sweep 28 1550 

Programmable Sampling Sweep 28 1550 

Sampling Sweep Unit ~ 690 

—SAMPLING HEADS — — — 

350'ps Sampling Head — 250 

50-ps Sampling Head — 300 

350-ps Sampling Head — 375 

25-ps Sampling Head — 750 

— ^--OPTIONAL ACCESSORIES — — 

8-Track Disc Memory — 6600 

Tape Punch — 1250 

Punched Tape Reader — 2500 
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Accepts two sampling heads 




Service Notes 



Chuck Phillips^ of our factory repair 
center, passes along the following 
hints 

REPLACING GRATICULE LIGHTS 

A boot from an alligator clip makes an 
excellent bulb remover for graticule 
light bulbs. It is only necessary to clip 
a little material from the small end of 
the boot. Push the boot in so it grasps 
the end of the bulb snugly. Once the 
bulb is held firmly, it is only necessary 
to turn CCW and the bulb is easily 
removed. 

Graticule lights should be replaced 
when the bulb darkens appreciably or 
uneven graticule illumination can oc- 
cur. 

Fig 1 illustrates a situation where one 
bulb was replaced and a dark bulb 
not replaced. Note the unevenness of 
the graticule illumination. 

Fig 2 is the identical situation with 
both bulbs replaced. 




Figl. Uneven illumination. 




Fig 2. Dark bulb replaced. 




INSTRUMENT APPEARANCE 

Chuck also suggests that a liquid glass 
cleaner and furniture wax be available 
when calibrating equipment. The glass 
cleaner does an excellent job of cleaning 
graticules, CRT’s, filters, and front pan- 
els. The furniture wax restores dull side 
panels and front panel knobs to a like- 
new appearance. In order to avoid too 
much wax Chuck suggests that you 
spray onto a cotton pad and then do the 
buffing with the pad. A few moments 
spent on optimizing the appearance of 
an oscilloscope can contribute greatly to 
the overall appreciation of the calibra- 
tion effort. 



USED INSTRUMENTS 
FOR SALE 

1 — Type 647 Transistorized Scope, 
compact, with full-size CRT. Also 
10A2 dual trace preamp and 11B2A 
dual sweep base. Scope rated 50 MHz, 
updated time base allows steady trig- 
gering to 130 MHz. Purchased April 
1967, offered at $800. Contact: Mr. 
John Cone, 775 South Madison, Pasa- 
dena 91106. Telephone: days (213) 
351-2320, eves (213) 792-5271. 

l_Type 532, SN 7302; 1— Q Unit, SN 
1206, with extra P7 CRT. Contact: 
Ken Reeves, Omark Industries/CCI 
Division, Box 660, Lewiston, Idaho. 
Telephone: (208) 776-2351. 

1 — ^Type 321 A. Contact: Dick Bastyr, 
Research, Inc., Box 6164, Edina Station 
Minneapolis, Minnesota 55424. Tele- 
phone: (612) 941-3300. 



1 — ^Type 321 A, SN 002605, complete 
with battery pack, carrying case, probe. 
Price: $750.00. Contact: Jerry Erickson, 
Republic Electric & Development Co., 
1050 W. Ewing Street, Seattle, Wash- 
ington 98119. Telephone: AC (206) 
284-5200. 

1 — Type 531 Oscilloscope, SN 21800, 
new CRT, excellent condition; 1 — Type 
CA Plug-In, SN 40226. Price: $500. 
Contact: D. Terazawa, Hewlett-Packard 
Co., 175 Wyman Street, Waltham, 
Maryland, 02154. Telephone; (617) 
894-6300, ext. 334. 

1— Type 2A60; 1— Type 3A72; 1— 
Type 3A1. Contact: Brian Somodi, 

Meditron Company, Santa Ana, Cali- 
fornia. Telephone: (714) 541-0468. 

l_Type 310A, SN 020673. Contact: 
Mrs. Minet, 679 W. Glenoaks Blvd., 
Glendale, California. Office Telephone: 
(213) 225-6171. 



1 — ^Type C-30 Camera. Contact: Mr. 
John Strapman, Lumidor Products, 
2500 W. 6th Avenue, Hialeah, Florida 
33010. Telephone: (305) 887-7421. 

i.._-Type 190A, SN 6047; 1— Type 180A, 
SN 7726; 1— Type 107, SN 1722. Con- 
tact: Marv Kalor, Instrumentation 

Services, 957 Winnetka Avenue, North 
Minneapolis, Minnesota 55427. Tele- 
phone: (612) 544-8916. 

USED INSTRUMENTS WANTED 

Used Tektronix Scope-Mobile® Cart 
suitable for 514AD or other 5-inch Tek- 
tronix Oscilloscopes of similar size. Pre- 
fer local replies. Must be reasonable 
and in good condition. Contact: Dennis 
Brunnenmeyer, Physicist, Aerojet-Gen- 
eral, Building 3003, Box 15847, Sacra- 
mento, California. Telephone: (916) 

355-3702. 
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verifying 

oscilloscope 

performance 

A discussion of the major 
factors contributing to 
measurement accuracy 



An oscilloscope, like other electronic test equipment, will 
not maintain its accuracy indefinitely. Aging of com- 
ponents, drift, environmental conditions and other fac- 
tors make necessary regular inspections to determine if 
readjustments are required. Shipping an instrument 
from one location to another may affect accuracy and in 
extreme cases may cause instrument failure. Therefore, 
it is important to check an instrument’s performance 
characteristics periodically to assure accuracy and to 
determine if calibration is required. 

This article provides techniques and background infor- 
mation to verify the more important chax'acteristics of 
general-purpose laboratory oscilloscopes. For this dis- 
cussion, “performance check” is determining if a char- 
acteristic is within stated limits using a given technique. 
“Calibration” is adjusting controls or replacing com- 
ponents when a performance check shows limits have 
been exceeded. 

All instruments should have regular performance checks 
at intervals determined optimum by the user ; this inter- 
val is largely determined by environment, care in handl- 
ing, accuracy required and the design of the oscilloscope. 
(Some oscilloscopes are designed to be highly reliable in 




TYPE 6vl7A OSCILLOSCOPE 
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adverse environments, while others are designed for 
laboratory environments.) A regular recalibration gen- 
erally is not necessary if the performance check indicates 
that no characteristics are outside their limits. 

The measurement methods given here are general ones; 
when an instrument’s instruction manual lists a differ- 
ent method, the method listed in the manual should be 
used. It must be emphasized that the results of a meas- 
urement depend upon the method used and if a single 
characteristic is measured by two methods, two different 
results might be expected. 

Test Equipment 

Selecting the proper test equipment is a most important 
factor in checking oscilloscope performance. Inaccura- 
cies in test equipment show up as apparent inaccuracies 
in the oscilloscope under test. As a rule of thumb test 
equipment .should be four to ten times more accurate 
than the accuracy of the item being tested. ^ “ Resolu- 
tion capability of the test equipment must also be ade- 
quate to insure a measurement not adversely limited by 
the test equipment. For instance, one would not check a 
20 mV zb 2% DC voltage source with a voltmeter having 
a maximum resolution of 1 mV (5% of 20 mV) . In some 
cases it may be detrimental to have test equipment that 
is “too good” for the measurement being made. For 
instance, measuring instrument risetime with a step more 
than 10 times “faster” than the expected risetime can 
show errors that are due to the waveform used. Tek- 
tronix instrument manuals contain a complete listing of 
the test equipment required for instrument calibration. 

Measurement and Nonmeasurement Characteristics 

Oscilloscope performance can be broken down into two 
categories: Those that affect measurement accuracy, 

such as deflection factors and sweep times, and those 
that affect performance but don’t affect measurement 
accuracy, such as triggering and writing speed. 



In the following, only the most important general-pur- 
pose laboratory oscilloscope characteristics have been 
included. Specific oscilloscopes may have other import- 
ant characteristics not listed here. 



MEASUREMENT CHARACTERISTICS 

Vertical Deflection Factors 

The vertical deflection factor is the ratio of the ampli- 
tude of the input signal to the deflection on the cathode- 
ray tube, usually given in volts per division of deflection. 
Measurements of deflection factor accuracy should be 
made at or below the upper reference frequency dis- 
cussed under bandwidth (between the two reference 
frequencies if the amplifier is AC coupled) . If a probe 
is to be used with the oscilloscope, the vertical deflec- 
tion factors should be checked with the probe in place, 
as shown in Fig 1. 

For each attenuator setting (volts per division) apply a 
signal with accurately known amplitude to the vertical 
input of the oscilloscope. The amplitude of this signal 
should be sufficient to result in 50% to 80% of full grati- 
cule vertical deflection (closer to 80% is preferable from 
the standpoint of resolution on the cathode-ray tube) . 
Carefully measure the deflection on the cathode-ray 
tube with the graticule and divide the known input volt- 
age by the divisions of deflection. The quotient is the 
actual deflection factor and can be compared with the 
stated deflection factor to determine the percent of error. 
In some oscilloscopes the deflection factor may not be 
constant throughout the vertical dimension of the grati- 
cule. There may be slight errors in the deflection factor 
due to compression and expansion type nonlinearities. It 
is possible to check for this nonlinearity by centering a 
two-division display, then positioning the top of the dis- 
play to the top of the graticule, measuring any changes 
in amplitude. Next, position the bottom of the display 
to the bottom graticule line, checking for any changes 
in amplitude. This type of nonlinearity usually ap- 





Fig 1. Probe compensation circuitry. Note that when RpCp = RC the compensa- 
tion is correct, and both high and low frequencies are attenuated evenly. 

a) Undercompensated display RpCp < RC 

b) Properly compensated display RpCp = RC 

c) Overcompensated display RpCp > RC 
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pears only at the graticule extremes. Therefore^ if there 
is a need to make precision measurements with full grati- 
cule deflection or with smaller deflections positioned 
toward the top or bottom graticule limits^ any nonlinear- 
ity measured should be taken into account. 

Horizontal Time-Base Accuracies 

Time-base steps are the deflection factors for the hori- 
zontal axis of the general purpose laboratory oscilloscope. 
They are expressed in terms of time per division of de- 
flection. A known accurate time-mark generator is the 
most convenient signal source for making sweep-time 
measurements; however^ an accurate sinewave generator 
can be used also. Internal graticules assist greatly in 
accurate sweep time measurement. 

To measure time-base accuracies, apply accurate time 
marks or a sinewave corresponding to one mark or cycle 
per graticule division. Position a mark at the graticule 
line that starts the area to be measured. Next, determine 
the difference between the graticule line ending the area 
to be measured and its associated mark, and express this 
difference as a percentage of the area measured. Due to 



possible edge nonlinearities, sweep times are typically 
measured from graticule line 1 to 9 (see fig 2). 




Fig 2. Example of timing 1 .25% short. 



Example : If the timing is to be measured over the center 
8 divisions of the graticule, align ti with graticule line 1 
and note the position of tg in relation to line 9. If U 
is superimposed with line 9, there is no error; if it misses 
by 0.1 division, the timing is 0.1/8 — 0.0125 or 1.25% 
“long’’ or “short.” 




Fig 3. Accuracy vs. length of measured intervals. Note that a measured interval of 4—8 divisions provides optimum display accu- 
racy. The shaded area at left is due to sweep non-linearity and resolution while the area at right is due to CRT non-linearity. Curve 
A may be shifted downward by optimizing on a single sweep speed and limiting temperature excursions. 
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A recent trend is to indicate an accuracy for the time 
base at different lengths of deflection, thus combining 
accuracy and linearity measurements. Timing errors, 
basic linearity errors and errors caused by lack of resolu- 
tion combine and increase as the length of deflection on 
the cathode-ray tube face becomes less. For instance, a 
time base might have a timing accuracy within 3% over 
any 4 to 8 division segment but if measurements are to 
be made over less than 4 divisions, accuracy must de- 
crease because of linearity problems and resolution errors. 
Curve A, figure 3 shows how a sweep with a basic accu- 
racy of ±3% might be described. Assuming an ability 
for the observer to resolve 0.1 division intervals on the 
graticule, Curve B illustrates the additional error that 
can occur due to resolution considerations. The accu- 
racy of any given measurement will be a combination 
of these two factors. It is possible to get around some 
resolution problems by measuring to exact graticule 
lines, using optical magnification, etc. 

Bandwidth and Risetime 

Bandwidth (bw) and risetime (tr) are related by a con- 
stant in any given oscilloscope. (If the display amplifier 
has a gaussian response: bw in MHz x tr in ns 

350.) Therefore, only one of these two characteristics 
needs to be measured. Rise time can usually be dis- 
played over only a portion of the graticule and the ac- 
curacy of the measurement is dependent on sweep tim- 
ing and resolution. Bandwidth can be measured more 
accurately, so quite often bandwidth is measured and 
risetime is calculated based on it. 



Bandwidth is defined as the upper and lower limits of 
the band of frequencies an oscilloscope can display, its 
gain constant within 3 dB. Bandwidth is measured with 
a sinusoidal waveform to the first 3 dB down point 
(;^30%) from the amplitude of a reference frequency 
(30% down rather than — 3dB is used because 30% is 
more easily read on a conventional graticule). 

Bandwidth — Upper Frequency Limit 

Apply a sinewave of 1/20 the upper bandwidth limit or 
less (reference frequency) from a constant amplitude 
sinewave generator to the oscilloscope vertical input. 
Adjust controls for a centered display of about 80% of 
the graticule height. Increase the frequency of the sine- 
wave (its output amplitude must not be changed) until 
the display is 70% of its amplitude at the reference fre- 
quency. This frequency is the upper bandwidth limit. 

Bandwidth — Lower Frequency Limit 

In a DC-coupled oscilloscope the lower frequency limit 
is DC and the gain at DC should be equal to the gain at 
the upper reference frequency, not 3 dB down from it. 
Also, in a DC-coupled oscilloscope only the upper band- 
width limit may be given; that is, BANDWIDTH: 30 
MHz means that the bandwidth is DC to 30 MHz. 

An AC-coupled vertical amplifier has a lower frequency 
limit. To measure this, apply a lower reference frequency 
sinewave 20 or more times the frequency specified (not 
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to exceed the upper reference frequency) from a con- 
stant amplitude source to the vertical input. Adjust con- 
trols for a centered display amplitude which is about 80% 
of the graticule height. Decrease the sinewave frequency 
until the displayed amplitude is 70% of the lower ref- 
erence frequency amplitude. This frequency is the lower 
frequency limit. 

In both the upper and lower frequency limit measure- 
ments the source impedance and harmonic distortion of 
the sinewave can have a pronounced effect on the result; 
these should be as specified by the oscilloscope manu- 
facturer or should be accounted for in the results of the 
measurement. 

Risetime 

As noted before, risetime is related to bandwidth and it 
probably is not necessary to measure risetime if band- 
width is satisfactory. Risetime is a measurement, on the 
display of a step-function waveform, of the interval be- 
tween the instants at which the amplitude first reaches 
10% and 90% of the reference amplitude (figure 4). 

Apply a step-function with a risetime from 4 to 10 times 
“faster” than that of the oscilloscope to be measured. 
Measure the time required for the waveform to go from 
10% to 90% of its amplitude. If a step function with a 
risetime less than 4 times “faster” must be used, the rise- 
time of the oscilloscope (tr scope) can be approximated 
as follows: (tr scope)- = (t^ measured)^ — (tr step)^. 

Sweep-time inaccuracies and resolution must be ac- 
counted for in the measurement. 

Amplitude Calibrator Accuracy 

Several kinds of amplitude calibrators are provided on 
general-purpose laboratory oscilloscopes. Their main 
purpose is to provide a voltage amplitude of known ac- 
curacy. The output waveform can be a sinewave but 
is most commonly a square wave. 

In some calibrators the waveform-producing circuitry 
can be disabled and the calibrator provides a DC volt- 
age equal to the peak-to-peak value of the normal square- 
wave output. With this kind of calibrator, disable the 
waveform-producing circuitry and measure the output 
voltage with a differential or digital voltmeter. A digital 
voltmeter with automatic ranging makes it convenient to 
measure all calibrator output voltages in sequence, 
quickly. Compare the measured voltages with the labeled 
ones and determine the percentage error. Return the 
waveform-producing circuitry to its operating condition. 
Care should be taken that the voltmeter has the accuracy 
and resolution for the task, and that it does not present 
too great a load to the calibrator. 



If the calibrator waveform-producing circuitry cannot 
be disabled, it can be checked with an oscilloscope which 
has a slideback voltmeter preamplifier. Both peaks of 
the calibrator’s output waveform can then be compared 
dynamically to the slideback voltmeter’s comparison volt- 
age and the calibrator amplitude can be determined. A 
slightly less accurate method of checking the calibrator 
amplitude is to first calibrate the oscilloscope for a given 
display from a known amplitude voltage equal to the 
nominal calibrator voltage. Remove the known voltage 
and apply the calibrator voltage and measure it on the 
calibrated oscilloscope. 



NONMEASUREMENT CHARACTERISTICS 



Some characteristics of an oscilloscope’s performance do 
not directly affect the accuracy of measurements but 
determine whether or not a measurement can be made. 
Two of these are triggering performance and writing 
speed. 

Triggering 

Measuring an oscilloscope’s triggering performance is 
mainly a process of applying the proper signals and 
checking to see that a stable display is possible. Internal 
triggering is checked by applying signals of the specified 
amplitude and frequency to the vertical input and moni- 
toring to see that a stable display can be obtained. The 
same procedure is followed for checking external trig- 
gering performance but the signal must be also applied to 
the external trigger input. 

After checking the basic triggering, any special functions 
can be checked on a performance basis. When using 
automatic triggering the display should be stable when 
the specified signal is present and a trace should be dis- 
played when no signal is present. AC, low frequency 
reject triggering should operate normally at frequencies 
above a few hundred Hz and only respond to large 
signals at 60 Hz. 

Writing Speed 

Writing speed is a figure of merit which describes the 
ability of a particular camera, film, oscilloscope, and 
phosphor to record a fast moving trace. Until recently 
this subject has been surrounded by some mystery. Re- 
cent studies indicate that there are measurement 
methods which are repeatable by most oscilloscope 
users.^ 
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Tektronix Measurement Systems 



In addition to digital system components, Tektronix 
offers Tektronix Measurement Systems. These meas- 
urement systems are designed to cover the range of 
automated dynamic measurements from small 
“bench” systems to high volume production and in- 
coming inspection testers. Tektronix Measurement 
Systems use catalog products and add additional 
equipment such as programmable pulse generators, 
programmable power supplies, fixtures, and other 
equipment. Tektronix does the systems engineering 
to provide the digital measurement system for a 
particular measurement requirement. In addition, 
complete “systems” manuals are provided to facili- 



tate servicing and calibration. In the case of the 
larger systems, Tektronix personnel install and check- 
out the equipment upon arrival at the customer’s 
location. A test checkout program is provided with 
each system to assure proper calibration and opera- 
tion of all system components. 

The S-3130 Digital Measurement System is shown 
above. Full specifications on this, and smaller Tek- 
tronix Measurement Systems, are given on pages 
27 -47 of the New Products Supplement to Tek- 
tronix Catalog 27 (1968). For additional informa- 
tion contact your Tektronix Field Engineer. 



SERVK 
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TO OUR READERS 

WELCOME TO TEKSCOPE. You may have noticed a change 
in SERVICE SCOPE over the past few issues. Our new name 
more accurately reflects our continuing effort to provide 
informative articles, presented in a readable manner, across 
the whole of Tektronix technology. Each issue of TEKSCOPE 
will contain articles describing instruments, measurements, 
and techniques. 



SERVICE SCOPE remains as a feature of TEKSCOPE and 
will continue to provide information for those responsible 
for the quality of instrument performance. 



We appreciate your interest in Tektronix and welcome your 
comments on our format. 



NOTE: If the address on your issue is incorrect or if you have 
a friend who would like to receive TEKSCOPE, please call 
or drop a note to our nearest field office. 



COVER: The Type 576 Curve Tracer combines a large-screen 
CRT with a unique readout capability to provide a new stand- 
ard for semiconductor measurements (shown actual size). 



(§) 1969, Tektronix, Inc. All Rights Reserved. 






Digital readout of vertical and horizontal deflection factors, step ampli- 
tude, and beta/div simplifies curve-tracing measurements substantially. 
This unique capability, combined with extended measurement character- 
istics provide an outstanding curve tracer value. 



The Type 575 Transistor Curve Tracer was introduced 
over 10 years ago, when the semiconductor industry 
was in its infancy. At that time, the Type 575 Tran- 
sistor Curve Tracer became established as an industry 
standard. Since that time, semiconductors have im- 
proved greatly and semiconductor technology has ex- 
panded to include not only transistors and diodes, but 
tunnel diodes, zeners, FET’s, MOSFET’s, SCR's, uni- 
junctions, and a number of other useful devices. 

The Type 576 is designed to meet the current and fu- 
ture measurement needs for these devices. In addi- 
tion, the construction techniques utilized allow the in- 
strument to adapt should related measurement needs 
arise. 

The Type 576 is designed with a plug-in test-fixture 
so that operating characteristics may be changed sub- 
stantially without affecting the basic instrument. This 
capability provides the Type 576 with greater flexibil- 
ity in meeting future measurement requirements. 



The most apparent development in the Type 576 is the 
readout feature. The fiber-optic readout display has 
been placed adjacent to the CRT where the user nor- 
mally focuses his attention. Combining readout with 
the display accomplishes 3 important tasks: 1. The 

readout takes into consideration magnifiers and multi- 
pliers, and especially simplifies operation for new or 
infrequent users; 2. The necessary information for in- 
terpreting curves is automatically included on photo- 
graphs, eliminating the possibility of incorrect label- 
ing; 3. The simple, but bothersome arithmetic required 
to compute beta/div and gm/div is automatically per- 
formed, eliminating another potential source of meas- 
urement error. 

The readout logic, fiber-optic transmission system, and 
character readout sections have been placed on a single 
circuit card. This design concept makes it possible for 
the instrument to be purchased with or without the read- 
out capability. 
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James Knapton, Project Manager, and Jerrold Rogers, Proj- 
ect Engineer, displaying a family of curves on the Type 576. 



PROTECTIVE CONSIDERATIONS 

An interlocked cover over the test terminals protects 
the operator from accidental shock in the 75-V, 350-V, 
and 1500-V ranges. A red light on the front panel 
warns the operator when dangerous potentials are pres- 
ent on the collector terminals. A yellow front-panel 
light informs the operator that the protective box must 
be engaged in order for the instrument to function 
properly. 

A unique interlocking knob arrangement between the 
collector voltage ranges and the selectable series re- 
sistors offers a device protection feature. These con- 
centric knobs allow the maximum power limit to be 
preset. As the voltage range is changed, the correct 
series resistors are automatically inserted to maintain 
the correct power limit. Six positions are available from 
0.1 watt to 220 watts. This feature protects the device 
under test from overheating and relieves the operator 
of the necessity of computing which series resistor is 
required for device protection. 



COLLECTOR SUPPLY INCLUDES DC MODE 

Different modes have been incorporated into the col- 
lector sweep circuitry to provide the instrument with 
maximum versatility. A normal mode is provided which 
consists of positive or negative full-wave rectified AC 
(line frequency). This is the conventional mode for 
most m e as u re me n t s . 

An AC mode supplies an unrectified line-frequency 
sweep symmetrical about 0 for viewing both forward 
and reverse characteristics on the same display. This 
is particularly useful for diode and FET testing since 
I’cverse breakdown and forward conduction character- 
istics may be observed simultaneously. 

A DC mode provides positive or negative DC which can 
be swept manually by varying the variable voltage con- 
trol from minimum to maximum. In this mode filter 
caj^acitors are switched into the collector supply out- 
put and the display is composed of a dot at the end 
of each curve. Manually varying the supply slowly 
traces out the curves. This mode is of particular inter- 
est when measuring low currents where trace looping, 
caused by device capacitance, limits resolution. 
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A leakage mode operates in conjunction with the DC 
collector mode and increases the vertical sensitivity 
lOOOX allowing 1 nA/div displays. In this mode, the 
Type 576 monitors current into the emitter terminal 
instead of the collector. The leakage mode provides 
high -.sensitivity displays for observing any two terminals 
of a device. The I -nA/div po.sition of this mode pro- 
vides an excellent means of measuring diode leakage. 



NEW DISPLAY CAPABILITIES 

One of the most useful features of the Type 576 is 
the calibrated display offset with magnifier. This func- 
tion provides 20 half-cm increments of position change 
(20 5 -cm increments with I OX mag). Using this mode, 
the gain of either the vertical or horizontal deflection 
amplifier can be increased 10 times. This capability 
provides a 100-cm display on either axis with the cali- 
brated offset showing precisely which portion of the 
display is being viewed. Use of display offset also in- 
creases accuracy substantially as shown in the figure 
below. Note that 2% measurements are typical over 
the largest range of the display area. 



Both the vertical and horizontal positioning controls 
consist of a 5 -position switcli that positions the origin 
exactly 5 cm or 10 cm in either direction from normal. 
In addition, a concentric variable knob provides fine 
positioning (;::r:5cm). The polarity logic automatically 
positions the origin of the display from lower left corner 
to upper right corner when the collector sweep is 
changed from NPN family to PNP family. When 
switching to AC collector sweep, the origin is auto- 
matically positioned to center screen. A display- invert 
switch is provided for easy overriding of this logic, 
should it be desired to compare NPN and PNP in the 
same quadrant. 



PNP 





DISPLAY OFFSET 



Fig. 1. Magnified display 
offset increases vertical 
or horizontal resolution 
and offers 2% accuracy 
with 40 — 100 cm of off- 
set. 




Fig 2. Automatic Display Positioning. NPN, PNP, and AC 
origins (blue) are automatically positioned when selecting 
the collector polarity. The detented position knobs (5-cm 
steps) allow quick positioning as shown above. The vari- 
able controls position the origin where desired. 



STEP OFFSET PROVIDES NEW VERSATILITY 



The step generator has been designed for maximum 
flexibility. A 10-turn calibrated control provides the 
ability to offset a complete family of steps. The first 
step may start from any DC level between 0 and 10 
times the amplitude of one step. The opei'ator may 
select the DC offset level to aid or oppo.se the steps. 
For example, negative DC voltage may be selected, 
allowing positive steps to start below the 0 bias point 
of a FET. By turning the step generator off, the DC 
offset level provides one curve operation for determin- 
ing thresholds. This is a particularly interesting con- 
figuration since the curve is continuously variable over 
the wide range of currents and voltages available. 
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TYPE 576 MEASUREMENTS 






The wide range of base steps, the calibrated step offset, 
and the pulsed mode of operation prov'ide the Type 576 
with a truly versatile base step generator. The multi-mode 
collector supply (swept, DC, or AC), with its DC — 1500V 
range allows measurements over a wide spectrum. The 
vertical and horizontal display amplifiers, combined with 
the calibrated display offset with magnifier, provide a 2% 
measurement capalDility with lOX the resolution of a normal 
display. 

Improved fixturing on the Type 576 extends versatility in 
making more tests with a greater nu ml^er of device pack- 



ages. Dual configurations arc easily compared and the 
DISPLAY INVERT feature simplifies comparison of com- 
plementary devices. The use of Kelvin contacts in the high- 
current device adaptors minimizes the effect of voltage drops 
due to contact resistances. (Kelvin contacts bring the col- 
lector and emitter/voltage-sensing leads directly to the de- 
vice, thus eliminating adaptor-to-test fixture and transistor- 
to-adaptor contact potentials). 

The waveforms l)elow illustrate a few^ of the measurements 
that arc easily made on the Type 576. 




Double exposure of PNP transistor. 
Only the DISPLAY INVERT was used to 
reposition the display. 




Enhancement and depletion modes of 
a FET. Opposing DC step offset starts 
+ steps below zero bias point. 




AC sweep permits FET measurements 
in the resistive region. 




MOSFET drain family in depletion 
region. 




Power transistor with 17 A collector 
current. The 80-/is pulsed mode with 
DC collector and manual scan is used. 




Display offset with magnifier increases 
measurement resolution and accuracy. 
Center line value of 70 V shows zener 
voltage of 72.6 at 1 mA. 




Double exposure. Looping caused by 
collector-to-base capacitance is elimi- 
nated by using the DC collector mode 
with manual scan (center lines). 




600-mV step offset positions small volt- 
age steps within the transistor active 
base region. 




SCR measurement in SOO-jns pulsed 
mode measures holding current. Cali- 
brated, variable DC offset allows direct 
reading of gate-firing potential. 
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Families of 1-10 digitally selectable steps may be ob- 
served. The single family mode normally holds the 
step generator off and, when triggered, provides one 
family of curves. Base step rates are NORM (IX the 
normal collector supply rate which is twice the line 
frequency), 0.5X and 2X. The wide step amplitude 
range provides current steps of 200 mA to 5 nA or volt- 
age steps of 2 V to 5 mV. Combining maximum step 
offset and maximum step amplitudes (AID) provides 
maximum base voltages to 40 V. The maximum base 
current is 2 A. 



PULSED BASE OPERATION 



The Type 576 provides pulsed base operation in which 
steps are pulsed for either 80 /j,s or 300 /j.s selectable 
from the front panel. In this mode the base drive is 
applied for only a portion of a cycle and thus, the de- 
vice is turned on only for short periods of time. This 
mode automatically connects in the DC mode collector 
supply to protect the device under test (the fast tran- 
sitions of the narrow pulses combined with the leakage 
inductance of the collector sweep transformer could 
cause a harmful transient) . This approach makes it 
unnecessary to degrade risetime (effective increase in 
pulse width) and lessen pulse definition. The 300-/j,s 
position is useful for checking power transistors while 
the 80- /xs position is useful primarily for measuring 
small signal transistors at high power. This mode is 
particularly useful since it allows many devices to be 



checked without heat sinks. In addition, device char- 
acteristics may be viewed at higher power without ex- 
ceeding safe dissipation limits. 

The physical appearance of the Type 576 is unique to 
the Tektronix product line. Since curve tracers are 
not generally rackmounted, the front panel was sloped 
to permit better readability. The “front porch” de- 
sign provided additional front-panel space and simpli- 
fied the test fixture plug-in design. 

Color has been extensively used on the Type 576 front 
panel to simplify operation and interrelate controls. 
For example, black push buttons indicate a single but- 
ton function which are out for the most common op- 
eration, i.e., invert or O.IX steps. Dark gray is used to 
denote the common mode of operation in multiple 
1 unctions, such as zero offset, repetitive family, and base 
steps. Light gray buttons are used for all other options. 
Blue is used to relate the display offset relationships; 
green is used to relate the step generator polarity func- 
tions; yellow is used to relate controls for step generator 
voltage operation ; and orange is used to signify the leak- 
age mode setings. This liberal use of color allows the 
operator to set up individual tests with a minimum of 
difficulty. 

The Type 576 is designed to minimize service problems. 
Low-voltage power supplies are short-proof and plug-in 
transistors and IC’s are used throughout (including 
socket-mounted power transistors). Construction is all 
solid state with the exception of the CRT itself. For 
lurther information consult your local field engineer. 





576 WIEASUREWIENT CAPABILITIES 


DEVICE 


FEATURES 


DIODES 


1 nA/div sensitivity for leakage measurements — 1500-V collector supply — Kel- 
vin sensing for accurate high-current measurements. 


FETs 


40 V (step + offset) available for base drive — Step offset allows stepping through 
zero bias — 1 nA/div sensitivity measures gate leakage — AC sweep allows 
examination of resistive region. 


SCR’s 


Calibrated variable step offset accurately determines gate firing potential — 
Holding current may be read directly. 


POWER 

TRANSISTORS 


Kelvin sensing for accurate high-current measurements — Pulsed base allows 
high-current beta measurements without exceeding dissipation limits or requir- 
ing heat sinks. 


TRANSISTORS 


EXTENDED RANGES ON ALL TRANSISTOR MEASUREMENTS — Small steps on 
top of 600 mV of offset permit observing several voltage driven steps within 
the active region. 


TD’s 


AC sweep displays forward and reverse characteristics simultaneously. 


ZENERS 


! High-resolution 2% voltage measurements of zener region. 
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TROUBLESHOOTING YOUR OSCILLOSCOPE 



By Charles Phillips 
Product Service Technician 
Factory Service Center 

This first article of a series y discusses 
general techniques for localizing 
problems to one of the major blocks 
of an oscilloscope. Future articles 
will go into more detail on trouble- 
shooting a major block to pinpoint 
a faulty stage or component. 

The oscilloscope is an excellent tool for 
self diagnosis. In addition to the CRT 
display, front-panel indicators (trace- 
position indicators, trace finders, and 
pilot lights), and calibrator signals often 
provide sufficient information to isolate 
the problem. 

Ol:>serving the effect of multi-function 
.su itche.s can do much to identify a prob- 
lem. For example, using the second 
channel of a dual-trace unit can check 
vertical circuitry up to the point tvhere 
switching occurs. In the case of a de- 
lay ing-.sweep or dual -beam oscilloscope, 
a portion of the circuitry may be used 
to display information on the oscillo- 
scope itself. Detecting a common prob- 
lem in all circuits indicates a problem 
in the power suppl\\ 

Switching to the external hori;^onta] in- 
put, disconnect.s the .sweep and is a 
means of determining whether a prol^- 
lem is a.s.sociated with the horizontal 
amplifier. At the same time, it can 
indicate the condition of the unblanking 
circuitry. 

Varying the trigger source swatch l)e- 
tween internal and external triggering 
checks the trigger pick off circuitry. 
If the .sweep will free run by adjusting 
the .stability and trigger level control, 
additional circuitry may be checked. 
Comparing operation in different trig- 
ger modes can often localize a problem 
to a specific trigger .stage. 

Vertical preamplifier plug-in units are 
a cjuick way of checking performance to 



the vertical amplifier input. Once a 
proldem is isolated to a .specific plug- 
in unit, plug-in circuit boards (if used), 
may isolate the problem even further. 
Once a j^roblcm ha.s I)een traced to a 
specific block, a close visual check may 
pinpoint the problem. Often times 
l)urned components or loo.se leads can 
be spotted that .shorten the trouble- 
shooting job. Substituting the tubes or 
transistors offer.s a quick means of 
checking a suspected stage. Always re- 
turn the original component to its place 
if the prol)lem remains. 

FRONT-PANEL CONTROLS 

The first step in a logical trouble.shoot- 
ing procedure is to preset the front- 
panel controls in order to be sure that 
the proldem is not an operator problem. 
It is important to proceed in a logical 
Older (i.c., clockwise) in order not to 
overlook a control. 

All CRT controls may be .set to mid- 
range w'ith the exception of the in- 
tensity control. The intensity control 
normally turns on the CRT at ap- 
proximately 10 o’clock on a post- 
accelerator CRT (high voltage at the 
front of CRT). In the ca.se of the 
monoaccelerator (high voltage at the 
l)ase of CRT), the CRT normally turns 
on at aj^proximately 2 o’clock. These 
are only approximate figures and will 
vary from instrument to instrument. 
A .setting much lc.ss than the.se may be 
insufficient for viewing while a setting- 
much greater may damage the CRT. 

The time Ixi.se should be .set to free run, 
internal triggering, and automatic if 
there is such a mode. Select a medium 
speed sweep such as 1 m.s/div^ and se- 
lect the .A or main .sweep un magnified 
on the horizontal di. splay. 

Set the calibrator to a convenient fig- 
ure such as 1 V. Adjust the vertical 
.sensitivity to 0.2V/div and .select a 
single channel mode. Position controls 
and the attenuator balance .should be 
adjusted midrange. In some cases it 



i.s convenient to turn the varial)le gain 
counterclockwise to lc.s.sen the effect of 
the attenuator balance control. 

In the case of a plug-in, be sure that 
the plug-in is .seated tightly and that 
there i.s no open connection. Plug-ins 
that use interlocks are particularly sus- 
ceptible to this type of problem. 

Place the input selector to the DC posi- 
tion and turn off XI 0 amplifiers if they 
arc availalde. Substitute a plug-in if 
an additional one is available. 

When troubleshooting a new' instru- 
ment, take some time to familiarize 
yourself with the block diagram. vSpend- 
ing a few minutes with the instrument 
manual can give valuable insight into 
the particular problem. 

THE BASIC OSCILLOSCOPE 

The simplified block diagram at right 
shows the major components of an os- 
cillo.scope. The al^ility to localize the 
troul)lc to one of these blocks is the 
first step in the troubleshooting process. 

POWER SUPPLY 

Pow'er supply problems usually affect 
more than one of the major blocks of 
a block diagram. If there is no CRT 
indication, check the line fuse. If this 
is not the problem, check the power 
supplies with a voltmeter to determine 
which supply/supplies are at fault. If 
the supplies check out, then the prob- 
lem is probal^ly in one of the other 
stages. The use of an auto transformer 
to vary instrument line voltage can 
quickly verify proper power .supply 
operation. 

VERTICAL 

When no spot or sweep is seen, use 
the trace finder or the position indi- 
cator to see which direction the spot 
or sweep is deflected. U.se the position 
controls to .see wiicther the display may 
be centered. Should the indicator lights 
.show that the trace is deflected off- 
.screen, invert the display. If the di.s- 
play goes off-screen in the other direc- 
tion, the problem is l^cfore the invert 
switch. 
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For problems after the invert switch, 
use a shorting strap, and starting with 
the C'RT deflection plates work stage 
I)y stage towards the input amplifier. 
The stage is woiking normally when 
the signal short causes a trace near 
the vertical center line of the CRT. A 
defective stage is indicated by the short 
not centering the trace on the CRT. 

Vertical systems containing a plug-in 
are conv'enient since substitution may 
cjuickcn the logical process. 

HORIZONTAL 

When the oscilloscope has a second 
sweep, this may be used to see if normal 
operation can be obtained. A calibrator 
signal to the external horizontal checks 
the operation of the horizontal ampli- 
fier. If the instrument has a plug-in 
horizontal, removing the plug-in unit 
should automatically center the spot. 
This is of additional assistance with 
o.sc illo.se opes using deflection unblank- 
ing. Deflection un blanking positions 
the spot off-screen, except during .sweep 
time, and no spot can be seen by over- 
riding the intensity control. 

SWEEP 

Many instruments have a sweep output 
connector where the sweep may be 
monitored. This may give a clue as 
to where the problem lies. Gate out- 
puts and vertical signal outputs also 



yield valuable information. Once a 
display is obtained, the signal should 
be applied to the input in order to 
make an approximate check on cali- 
bration. When horizontal calibration 
is off, the vertical calibration should be 
checked also before attempting to re- 
pair the horizontal. If vertical cali- 
bration is also incorrect, then the prob- 
lem is most likely to be in the high- 
voltage power supply. 

TRIGGER 

If the instrument has trigger problem. s, 
a few simple steps can often determine 
which stage of the trigger is at fault. 
Checking operation of trigger circuit 
in different .source.s, modes, slopes, and 
coupling positions will often isolate a 
problem (for example, the automatic 
mode normally bypa.s.ses the initial trig- 
ger stages). Observing the effect of 
the stability and level controls gives 
additional information. In checking 
trigger circuits, always be sure that suf- 
ficient signal cm) is being applied 
to obtain a large observable deflection. 

GENERAL 

Most problems can be cjuickly cate- 
gorized by interpreting results of front- 
pancl controls. If a problem can not 
be categorized by these steps, then a 
test oscillo.scope can likely determine 
the faulty stage. 

Next: Troubleshooting a power supply 



A CONVENIENT TOOL 

.A shorting strap is one of the most use- 
ful troubleshooting tools, as it permits 
many problems to be quickly pinpoint- 
ed to a .specific .stage. A versatile short- 
ing strap can be made by using two 
Tektronix pincher-tip probes (defec- 
tive probes are ideal for this) connected 
together by a short piece of wire. Loop 
the wire through small ferrite beads 
(Tektonix PN 276-0507-00 or 276- 
0511-00 work nicely) as shown in the 
photo. If ferrite beads are not avail- 
able, use 47-17 resistors at each end to 
dampen oscillations when the strap is 
u.sed. Alligator clips may be used in- 
stead of probe tips but they are much 
more prone to shorting an adjacent 
check point. 




The strap is used to short the inputs 
or outputs of complementary stages 
together. If a stage is defective, apply- 
ing the short to the input will have no 
effect on the output. 
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NEW CONCEPTS BOOKS 

Four Circuit Concepts books are pres- 
ently av'ailable. Titles currently in stock 
are: ''Oscilloscope CRT’s”, 2nd Edition; 
“Storage CRT’s and Circuits”, 2nd 
Edition; “Television Waveform Proces- 
sing Circuits”; and “Power Supply Cir- 
cuits”, 2nd Edition. 

Two of a new series of Measurement 
Concepts books are completed. The 
titles currently available in this series 
are: Information Display Concepts; 

Semiconductor Device Measurement 
Concepts. 

The material on pages 10 and 11 is 
taken from one chapter of Semicon- 
ductor Devices and is indicative of the 
content. Other chapters are Bipolar 
Transistors, Field Effect Transistors, 
Unijunction Transistors, Signal Diodes 
and Rectifying Diode.s, Zener Diodes, 
and Tunnel Diodes and Back Diodes. 

Should you wish further information 
on Tektroni.N: Concepts Books, contact 
your local field engineer. 

THYRISTORS (SCR’s) 

AND OTHER PNPN DEVICES 

Most of the conductance characteristics 
of four-layer semiconductor devices can 
be explored and measured on a tran- 
sistor curve tracer. The characteristics 
of principal interest that may be meas- 
ured are: (1) forward and reverse 

blocking (breakdown) voltages and 
currents; (2) the voltage drop at vari- 
ous forward currents for the on con- 
dition; (3) the gate-terminal turn-on 
voltage and current requirements for 
various values of applied anode-cathode 
voltage; (4) the value of forward cur- 
rent that holds the device in an on 
condition (holding current). 

Thyristors are the same kind of semi- 
conductor device as Silicon Controlled 
Rectifiers. The name thyristor is de- 
rived from thyratron, a gas tube con- 
trolled rectifier. The name Silicon Con- 
trolled Rectifier is to distinguish the 
solid-state device from the gas-tube de- 
vice. Thyristors are largely used to con- 
trol the conduction duty factor of ap- 
plied alternating voltage, but they do 
have many other applications. They 
can be turned on at any time the ap- 
plied voltage is of the correct polarity 
but then cannot be turned off until the 
applied voltage approaches zero volts, 
or the current which is flowing dimin- 
ishes to a value that is very low com- 
pared to the permissible peak value. 



FORWARD BLOCKING VOLTAGE 
AND 

REVERSE BLOCKING VOLTAGE 

The forward blocking voltage of a 
thyristor is the voltage that may be 
applied between cathode and anode 
before the device switches to have a 
low impedance — assuming little or no 
voltage or current is applied to the 
control terminal and that the polarity 
of the cathode-anode voltage is correct. 

Making a measurement of the forward 
blocking voltage of a thyristor using a 
curve tracer is done in very much the 
same way as measuring the reverse 
iDreakdown voltage of a transistor. First 
the gate terminal is usually either 
shorted to the cathode terminal or 
returned to the cathode through a re- 
sistor of specified value. In Fig 4-1 for- 
ward blocking voltage was measured at 
1 14 volts for 5 /.tA or forward current 
at room temperature (Point A). The 
thyristor is rated to pass no more than 
5 fjiA of peak forward blocking current 
at 60 volts, the rated peak forward 
blocking voltage, at a junction tempera- 
ture of 125°C. A tcmperature-con- 



POINT A 




Fig. 4-1. Forward blocking voltage and 
current 2N5061 thyristor. 
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Fig 4-2. Switching conditions, 2N5061, 
with zero gate voltage drive. 



trolled oven would be needed to con- 
duct the test at 125°C, Reverse block- 
ing voltage would be measured in pre- 
cisely the same way except the polarity 
of the sweep voltage ^v■ould be reversed. 
Fig 4-2 is similar to Fig 4-1 except the 
applied voltage was increased until the 
thyristor switched to its on state with 
no gate voltage applied and a differ- 
ent vertical scale factor was used. A 
current-limiting resistor having a high 
resistance value was selected to limit 
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Fig. 4-3. Switching conditions, 2N5061, 
with small gate voltage drive. 

the forward current. As the .sweep volt- 
age approaches its peak value and Point 
A is reached, avalanche breakdown oc- 
curs at the middle one of the three 
junction.s, and the four-layer device 
appears to be simply two forward bi- 
ased PN junctions in series. Current 
suddenly increases therefore, limited by 
the series resistance, and the forward 
voltage drop decreases to a very low 
value — Point B on the curve. As the 
.sweep supply voltage increa.ses further 
to its peak value, forward current in- 
creases from Point B to Point C. Cur- 
rent then diminishes as the sweep sup- 
ply voltage drops toward zero. At Point 
D, not enough forward current remains 
to hold the thyristor in the on condition 
and current switches off to Point E, 

The value of current at Point D is the 
holding current for that .set of condi- 
tions. The conditions existing for Fig 
4-2 arc not a normal mode for oper- 
ating a thyristor but represent a set 
of boundary conditions. Forward volt- 
age is not irsually applied if it exceeds 
the rated forward blocking voltage. And 
.some current or voltage is usually ap- 
plied to the gate terminal to .switch the 
thyristor on. Fig 4-3 is very similar 
to Fig 4-2; the only difference is that 
a small steady value of turn-on voltage 
was applied to the gate terminal for 
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Fig 4-3. Two important differences 
should be noted: Switching takes place 
at a lower voltage and the value of 
holding current is reduced. 

Holding current is usually specified 
to be equal to or less than some maxi- 
mum value under stated conditions of 
tejnperature, load resistance and anode 
supply voltage. To select the specified 
value of load resistance using a tran- 
sistor curve tracer, both the value of 
the cur rent -measuring resistor and the 
selectable scries rcsi.stor must be con- 
sidered. Sometimes the correct value 
may be achieved only by using a third 
resistor applied at the test terminals. 
The gate voltage required to .switch 
a thyristor to the on state at any given 
applied anode-cathode voltage can be 
determined on a Tektronix Type 576 
transistor curve tracer. 



By adjusting the peak supply voltage 
to the specified amount while the gate 
terminal voltage is zero, the gate volt- 
age can then be slowly increased until 
switching occurs and the gate voltage 
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Fig 4-4. Forward conductance, 2N5061. 
Alternately on and off. 



INSTRUMENTS FOR SALE 



l„_Type 526, SN 1544. Two years old 
— only a few hours u.se. Price: $1,500. 
Contact: D. K. McConnell, General 

Electrodynamics Corporation, 4430 For- 
est Lane, Garland, Texas 75040. Tele- 
phone: (214) Broadway 6-1161. 

1— Type R561A, SN 5909. Contact: 
Siemens Medical of America, 685 Lib- 
erty Avenue, Union, New Jersey 07083. 
Telephone: (201) 688-5400, Ext. 257. 

l__Typc 5 HAD, SN 3955. Best offer. 
Contact: Mr. Scldon Lazarow, Nortec 
Computer Dev., Inc., 94 Nickerson 
Road, Ashland, Mass. 01721. Tele- 
phone: (617) 881-3160. 

1— Type 2A60; 1—Typc 3A72; 1 — 
Type 3A1 Plug-Ins for 564 or 561 A 
0.scilloscopcs. Contact: Jack Hatton, 

The Meditron Company, Santa Ana, 
Calif. Telephone: (714) 541-0468. 

S('vcral Type 5 3 3. A and various plug- 
ins. Contact: Henry Posner, Pacific 

Combustion Engineering Company, Los 
Angele.s, Calif. Telephone: (213) 225- 
6191. 

1 — Type L Preamplifier, SN 11107. 
Contact: .A 1 1 o n Pa r i s, 1789 Kin gs t o n 
S t rcc t , Aurora, Co 1 o ra d o . 

1 — Type 453 O.scilloscope, SN 438. 
Contact: Kappa Nctwork.s, 165 Roo.se- 
velt Avenue, Carteret, New Jersey 
07008. Telephone: (201) 541-4226. 



1 — Type 067-0.544-00 Calibration Fix- 
ture for Type 647, SN 233. New con- 
dition. Contact: Mr. Dan Pyko, S. S. 
Co., Standards Laboratories, 12800 
North End Avenue, Oak Park, Michi- 
gan 48237. Telephone: (313) 398-2100. 

1 — ^lApc 514AD, SN 6009. Excellent 
condition. Scope-Mobile® Cart and ac- 
cessories. Contact: Mr. Lsadorc Wer- 
lin, 39 Coolidge Road, Medford, Mas- 
.sachusetts 02155. Telephone: (617) 

NI8-6700 or at home (617) HU8-0520. 

1— Type Q Plug-In Unit, SN 2335. 
Contact: Dave Janicello, Photo-circuits 
Corporation, 33 Seacliff Avenue, Glen 
Cove, New A^ork 11542. Telephone: 
(516) OR6-8000, Ext. 268. 

1 — Type 543, SN 351. Fully recondi- 
tioned. Price: $700.00. Contact: Pal- 
mer Agnew, 314 Front Street, Owego, 
New York 13827. 

1— Type 502, SN 007130 with 202-2 
Scope-Mobile® Cart. Excellent condi- 
tion. Contact: Mr. A. W. Smith, Stand- 
ard Screw Co., P. O. Box 1440, Hart- 
ford, Conn. 06102. Telephone: (203) 
525-0821, Ext. 455. 

1 — Type 526, SN 1090. Price: $1,250.00. 
Contact: Mr. A1 Kern, K. H. Q. Inc., 
4202 South Regal, Spokane, Wash. 
99203. Telephone: (509) KE4-0511. 

H-Type 512, SN 766. Price: $75.00. 
Contact: Mr. Gerry Shefler, Beaverton 
School District, Beaverton, Oregon. 
Telephone: (503) 644-3101. 



then read from the dial. Go-no go tests 
can be made by first dialing up the 
specified gate voltage and observing 
whether switching occurs or fails to 
occur. The source resistance for gate 
voltage drive may be specified. If .so, 
the source resistance can be simulated 
by adding a resistor of appropriate 
value in series with the supply. 

The gate current reejuired to switch a 
thyristor to the on state may be tested 
or measured by means similar to those 
used for gate voltage turn-on measure- 
ments. 

Fig 4-4 shows the high-current forward- 
conductance on characteristics of the 
same thyristor as used in the foregoing 
figures. The forward voltage drop at 
a current of one ampere is 1.3 volts. 
The specified maximum is 1.7 volts. 



1 — Type 67 Time Base Plug-In; 1 — 
Type 72 Dual -Trace Plug-In; 1 — Type 
561; 2 — Type 541 A. Contact: J. Rez- 
abek or Johnny Wienkam, Offshore 
Systems, Inc., 3000 Hicks Street, FIou- 
ston, Texas 77007. Telephone: AC(713) 
869-8241. 

1 — Type B Plug-In Unit. Price: ap- 
proximately $80.00. Contact: Mr. Bob 
Goodman, Cl ark -Dun bar Company, 325 
Jack.son Street, Alexandria, Louisiana 
71301. Telephone: (318) 443-7306. 



INSTRUMENTS WANTED 



1 — Type 515A/531A, or comparable 
scope for personal u.se. Contact: James 
Ladd, 5775 Kingfisher Lane, Clarkston, 
Mich. 48016. Telephone: (313) 332- 
8111, Ext. 7116. Home: (313) 625- 
1549. 

1 — Type 545/555/585 Series, with or 
without plug-ins. Write giving details 
and price. Contact: W. D. Van Am- 
luirg, CMR #5, Box 1449, APO Seattle 
98737. 

1 C-12 Camera. Contact: Bob Good- 
man, Clark-Dunbar Co., 325 Jackson 
Street, Alexandria, Louisiana 71301. 
Telephone: (318) 443-7306. 

2 — Type 201-1 Scope-Mobile® Carts. 

Contact: Mr. Seldon Lazarow, Nortec 
Computer De\^, Inc., 94 Nickerson 
Road, A.shland, Mass. 01721. Tele- 
phone: (617) 881-3160. 
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AN EXTENDED VALUE 

By John Durecka 

Two new solid-state oscilloscopes, 
the Type 561B and Type 564B offer improved performance 
over a wide range of deflection factors and bandwidth. 



The advent of the Type 561B/564B marks the second major 
updating of the 560 Series in the 8-year history of the in- 
strument. 5 years ago, in a significant performance up- 
grading, the Type 561A became the first Tektronix instru- 
ment with an internal graticule. At the .same time, the power 
supplies and CRT were improved to optimize higher fre- 
quency instrument performance. 

The 25 plug-ins presently available for this series attest to 
the popularity and versatility of this format. The current 
updating improves the performance and extends the meas- 
urement capability of existing 560-Series plug-ins. The use 
of plug-in sampling heads now provides DC-to-l4 GHz per- 
formance. There are currently 1 7 vertical plug-in units 
(including 2 spectrum analyzer and 3 sampling units), 4 
time-base units, and 3 sampling sweep units. In addition, 
the Type 565 Dual-Beam Oscilloscope, the Type 568 Digital 
Readout Oscilloscope, and the Type 129 PoNver Supply all 



accept these plug-in units (the Type 56o does not accept 
sampling plug-in units). 

The Type 561B/564B is all solid stale with the exception of 
the CRT. The new power supply design results in improved 
operation over the specified temperature range. The .sup- 
plies are i)etter regulated, more stable, and have a lower 
output impedance. This design holds signal cros.staik through 
the power supply to a minimum. Short-proof circuitry is 
designed into all lo\s' -voltage j^ower supplies. .As a result, 
low-voltage supplies may be shorted to ground or each other 
without damage to the instrument. Fig I illustrates the prin- 
ciple in\olved. 

The Tektronix line-voltage selector feature is now pre.sent 
on the Type 561B/564B. This feature optimizes instrument 
]3erformance whether operating at 115 V, 230 V, low line, 
high line, or mid line. 
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Power consumption of the Type 564B is decreased to less 
than 200 watts maximum while the 561 B is decreased to 
less than 180 watts maximum (dependent upon plug-in units 
used). A major advantage of this solid-state power supply 
design is that most of the power is dissipated in the rear- 
mounted heat sink. This provides cooler operation of the 
plug-in units, as well as the main-frame circuitry. 

The Type 56 IB calibrator performance has been significantly 
improved. The frequency is 1 kllz within 1% and ampli- 
tude accuracy is 2% from 0° — +50°C. A 10 mA, ±2% 
current loop is provided with both a DC and square wave 
output to provide a current probe calibration signal. 

The calibrator output has l^ecn changed from a 1-2-5 se- 
quence to 5 decade steps from 4 mV to 40 V. The new 
4-40-400 calibrator secpience chosen presents no fractional 
division display on any position of the 1-2-5 deflection- 
factor sequence. 

The new calibrator is pictured in Fig. 2. Note that a 40- V 
DC position is also included .so the calibrator accuracy may 
Ije checked with an accurate I3C voltmeter, DVM, or dif- 
ferential comparator plug-in unit. 2-mV, 20- mV, and 200- mV 
50-H outputs are available to provide an adequate range 
for .sampling plug-in calibration. The calibrator is designed 
to be short proof to ground, thus offering additional pro- 
tection to the instrument. 



John Durecka, Project Engineer, monitoring a circuit on a 
Type 561 B and a Type 564B. Some of the 25 plug-in units 
currently in production are shown in the background. 




Fig. 1. Short-Proof Protection. Q1 is normally off. When a 
short demands high current from Q2, the drop across R1 
turns Q1 on and reduces the conduction of 02 to limit the 
output current. D1 protects from shorting to another supply. 



Iflllliillll 




Fig. 2. Type 561/564B calibrator 
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STORAGE AUTO ERASE 



10-^V PERFORMANCE NOW AVAILABLE 



The Type 564B MOD 12 IN combines Tektronix split-screen 
bistable storage with automatic erase circuitry. This mode 
increases the versatility of the instrument since the split- 
screen displays can be automatically (and remotely) erased 
after a preselected viewing time of 1-12 seconds. A SAVE 
mode is also incorporated into the Type 564B MOD 121N. 
In this position, the auto-erase cycle is interrupted and the 
stored information is preserved. 

Remote operation is also a feature of the Type 564B MOD 
121 N. A rear-panel connector permits erasing of upper 
and/or lower half of the split screen from a remote loca- 
tion. In addition, the SAVE function may be controlled by 
a contact closure to ground. 

Designing automatic erase into the 560-Series mainframe 
presented a difficult design problem, since it was necessary 
that all previous plug-ins be compatible with the circuitry. 
As a result, the auto-erase design chosen does not lock out 
the sweep during VIEW and ERASE. The sweep is running 
during this time, but the trace is blanked at the CRT grid. 
As a result of this design choice, all time ba.se units, even 
those without single sweep capability, may be used for 
single-shot or auto-erase storage applications. The auto- 
matic-erase controls consist of an extra pushbutton for each 
half-screen display, AUTO ERASE, a variable VIEW TIME 
control (1-12 s) with SAVE position, and a rear-panel 
switch (Signal Triggered Sweep-Erase/Triggered Sweep). 

For most applications of sweep speeds faster than ^^:^0.1 s/div, 
the Signal Triggered Sweep provides the optimum display. 
In this mode, an end-of-sweep detector resets the AUTO 
ERASE circuit and the next sweep after erase resets the logic 
to store the following sweep. The Erase Triggered Sweep 
position is useful at very slow sweep speeds to eliminate the 
waiting time between erasure and completion of the reset- 
ting sweep. In this mode, a sweep is initiated immediately 
after the end of erase. The table below indicates the modes 
available, limitations, and applications. 



The Type 3A9, DC-to-1 MFIz Differential Amplifier Unit is 
illustrative of continued improvement in performance avail- 
able w'ithin the 560 Series. Long-term drift of this unit is 
less than 10jU,V/h and displayed noise is <12 /aV (10 /xV/ 
div at 1-MHz bandwidth with a 25 .source resistance). The 
Type 3A9 provides a 100,000:1 CMRR from DC — 100 kHz 
with deflection factors of 10 ^aV/div to lOmV/div. Stacking 
of attenuators decreases the CMRR over the range of 20 
mV/div to lOV/div. 

A separate input for a current probe has been provided on 
the Type 3A9, eliminating the necessity of an external cur- 
rent probe termination. When a P6019 or P6016 probe is 
used, this built-in termination extends the low-frequency re- 
sponse, providing a bandwidth of 10 Hz to 1 MHz. The con- 
venient color-coded current/div scale allows direct reading 
of currents from 1 mA/div to 1 A/div. 

A DC differential offset provides a variable DC voltage 
to measure small signal components (voltage or current) 
over a wide differential dynamic range (IV-IOOOV). The 
unit recovers to within 0,5% of zero level in less than 10 jxs 
after removal of an applied voltage. Color coding on the 
front panel indicates at a glance the DC offset range for 
the various sensitivities. Both upper and lower 3-dB fre- 
quency points may be selected to optimize noise attenua- 
tion and to provide AC coupling at very low frequencies 
(0.1 Hz). 

The Type 3A9 also provides a front-panel, DC-coupled 
SIGNAL OUTPUT for recording purposes. The signal is 
brought out at 1 V/div with a dynamic range of ±5V, 
bandpass of DC-to-500 kHz, and output impedance of 10012. 
An internal potentiometer allows precise adjustment to 
ground reference. The circuit is capable of driving loads 
of 10kl2 and above. For further details on any aspect of 
the 560-Series Oscilloscopes and Plug-Ins contact your local 
field engineer. 





AUTO ERASE MODES 




MODE 


OPERATION 


USE 


Signal Triggered Sweep 


Erasure occurs after viewtime. Sweep can 
be signal triggered after next retrace. 


General-purpose sweep displays (0.1 s/div 
and faster). 


Signal Triggered Sweep 

(Erase pulse output grounded) 


Display erased at regular intervals at a 
rate set by viewtime multi-vibrator. 


No sweep available — X-Y display. 


Erase Triggered Sweep 


Every sweep unblanked-^sweep triggered 
from vertical—viewtime and erase time lost. 


Slow-sweep, dual-trace displays with al- 
ternate erasure remotely controlled. Al- 
ways at least 1 sweep of data displayed. 


Erase Triggered Sweep 

(Erase pulse output to ex- 
ternal trigger) 


Sweep is triggered at end of erase. No 
coincidence between sweep starts and 
signal. 


Spectrum Analyzer displays (0.5 s/div and 
slower). 


SAVE 


Interrupts auto-erase cycle. 


Retains desired information on screen. 
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COMPONENT TECHNOLOGY 



Many different technologies are pursued within Tek- 
tronix to ensure maximum flexibility in design. Some 
of the significant Type 576 components developed 
at Tektronix are nearly overshadowed by the more 
dramatic overall performance of the instrument. 
These component technologies are responsible for 
many of the characteristics of the Type 576, 

The new rectangular 6.5-inch CRT provides a 10 x 
12 cm bright^ high-resolution display, and has nearly 
twice the display area of the Type 575. This use 
of a large CRT also minimizes operator fatigue 
when the instrument is used in a production envi- 
ronment. 

A high-reliability cam switch has been developed 
which reduces torque requirements by 50% over 
conventional switches. The low torque is a result 
of a more efficient system of actuating contacts. The 
cam switch has lower frictional drag than conven- 
tional switches since less clips are engaged for any 
switch position. Life tests indicate the life of this 
switch to be at least twice that of conventional 
switches used in this application. The switch is 
mounted on a circuit board which provides space 
for mounting closely associated components. The 
basic operation of Tektronix cam switches is much 



the same as a music box drum. Cam high points 
contact clips on the circuit board which close the 
circuit. The manufacture of the switch is applicable 
to numerically controlled equipment, and thus, the 
tolerances may be controlled more accurately. 

The Type 576 is the first Tektronix instrument to 
use Tektronix integrated circuits. The use of Tek- 
tronix IC’s in this application, simplified logic com- 
plexity and decreased the cost over the alternatRe 
of using commercially available IC’s. 9 Tektronix 
developed and manufactured IC’s of 5 different 
types compose the logic that is required for beta/div 
computation and lamp driving functions. 

Tektronix assembles the optical fibers which trans- 
mit light from the lamps to the plastic front-panel 
display module where the characters are formed. A 
single card contains the IC decoder computer, lamp 
drivers, lamps, and display module. 

Tektronix resistors, capacitors, transformers, induc- 
tors, relays, circuit boards, and plastics are used where 
necessary to assure the best overall design choice of 
component. This diversified technology assures the 
user of dependable components designed to do spe- 
cific tasks and I’esults in more stable consistent in- 
strument performance. 
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CURVE TRACING DISPLAYS 



The Type 576 displays one or more characteristic 
curves of two and three terminal devices. By apply- 
ing a constant voltage or current to an input terminal 
and sweeping the output terminal with a half sine- 
wave of voltage, a single characteristic curve is gen- 
erated. By applying a stair-step signal (step genera- 
tor) to the input and sweeping the output terminal 
(collector supply) once for each successive step up to 
10 curves can be displayed. For maximum flexibil- 
ity, the steps may be current or voltage, positive or 
negative, and offset by a positive or negative value 
of current or voltage. 

Although the collector sweep is normally a rectified 
sinewave, it may consist of an unrectified sinewave 
(simultaneous monitoring of reverse breakdown and 
forward conduction), or a manually controllable 
DC potential (eliminates the trace looping effect 
of the collector-to-base capacitance in low current 
devices) . 

The horizontal amplifier may select base volts or col- 
lector volts and the vertical amplifier may select 
collector current or emitter current (high-gain leak- 
age mode) . Both amplifier may select the step gen- 
erator output. 

A display amplifier with magnified offset capability 



provides display accuracies of up to 2% with either 
the horizontal or vertical amplifier. 

The usual grounded emitter configuration for tran- 
sistors normally displays collector voltage on the 
horizontal (or base volts) versus collector current 
at various drive levels. Grounded base configura- 
tions may also be shown. 

The 576 Curve Ti'acer is useful for diodes, tunnel 
diodes, zener diodes, SCR’s, small signal and power 
transistors, FET’s, MOSFET's, unijunctions, and 
other devices. Some of the advantages of curve trac- 
ing versus a DC point-by-point measurement are as 
follows: 

1. Irregular characteristics are visible that may 
be overlooked on a point-by-point basis. 

2. The device may be monitored over a wide range 
of operating conditions. 

3. Dependence of one parameter upon another is 
clearly seen. 

4. Changing magnitudes of 2 parameters can be 
observed simultaneously. 

5. Characteristics are obtained quickly and easily. 

6. Quick comparison capability— quick permanent 
record by photography. 
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By Bill Verhoef 



The Tektronix Engine Analyzer System is designed to provide information 
for effectively evaluating engine, pump, and compressor performance. 
By using this oscilloscope information, potential problems and trends 
can be detected and corrective action taken before extensive damage 
occurs. Preventive-maintenance overhauls may be eliminated or delayed, 
since the analyzer detects trouble spots without unnecessary downtime. 
The Engine Analyzer System is also useful as a standard general-purpose 
laboratory oscilloscope. 



4 CHANNELS OF INFORMATION 



COVER 

The rotating film disc shown Is the heart of the Rota- 
tional Function Generator (RFG). When coupled to an 
engine or compressor, the RFG generates three wave- 
shapes: outer ring — 10^, 60°, and 360° (TDC) 
markers; second ring — sawtooth ramp; third ring — 
sinewave with harmonic content (equivalent to piston 
volume). 



Tektronix Engine Analyzers offer simultaneous observa- 
tion of pressure^ ignition, vibration, and crankshaft 
rotation. These quantities may all be observed as a 
function of time, crankangle, or piston displacement 
(i.e., P-V diagram). Tektronix Engine Analyzer Sys- 
tems consist of a Type 56 IB or 564B oscilloscope, two 
plug-in units, and a rotational function generator 
(RFG) with appropriate transducers and cables. 

By using the 4-trace electronic switching capability of 
the Type 3A74 Engine Analyzer Amplifier, one charge 
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amplifier and 3 -voltage channels (DC-2 MHz) are 
available. The operator is provided with new ease in 
interpreting displays, since all transducer outputs may 
be monitored simultaneously. 

The 564B Split-Screen Storage Oscilloscope is ideal 
for use with Engine Analyzer plug-ins. Either half of 
the CRT screen may be independently controlled and 
used for conventional non- stored displays, or informa- 
tion may be stored on the CRT phosphor up to 1 hour. 
Storage is particularly convenient when making pressure 
measurements, since 10 or more engine cycles may be 
stored on the display and changes detected in pressure. 
Pre- ignition problems arc also readily observed. 



PREDICTABLE MAINTENANCE 

Vibration pickups, normally piezoelectric crystals mount- 
ed on a magnetic base, may be placed anywhere on an 
engine or compressor to analyze the various vibrations. 
Operators can thus detect leaking valves, piston blow- 
by, destructive detonation, excessive cylinder ring wear, 
and other signs of wear and deterioration. 

Ignition measurements are useful for proper engine 
timing and assist in detection of a wide range of ig- 
nition problems. Faulty spark plugs, point arcing and 
bounce problems, faulty condensors, ignition coils and 
pz'oper engine timing may all be observed with an 
ignition probe. 

Pressure monitoring allows detecting peak-firing pres- 
sures, compression pi’cssures, early or late cylinder fir- 




Fig 1. The Tektronix Engine Analyzer System allows simuF 
taneous monitoring of pressure, crankangle, ignition, and 
vibration. 



ing, and pre-ignition of the engine under test. P-V 
diagrams determine indicated engine horsepower and 
overall performance in engines, pumps, and com- 
pressors. 



ROTATIONAL FUNCTION GENERATOR 

4 'he Tektronix Engine Analyzer includes a rotational 
function generator (RFG) that is mechanically cou- 
pled to the engine under test and generates 10°, 60°, 
and 360° crankangle markers. The RFG operates to 
a maximum of 20,000 r/min* and generates three sep- 
arate outputs as shown below. 




A sawtooth ramp for displays 
related to crankangle. 




A sinewave with approxi- 
mately 6% second harmonic 
content to provide piston vol- 
ume as a function of crank- 
shaft rotation (r/l = 1/4). 




Crankangle markers in 10°, 
60°, ancf 360° increments. 



Fig 2. Rotational function generator waveshapes. 



The various markers (10°, 60°, 360°) have different 
amplitudes and are displayed in ruler form on one 
trace. These markers are coupled internally into chan- 
nel 2 of the Type 3 A 74 Engine Analyzer Amplifier 
Unit. A top dead center (TIOC) mark is obtained from 
a magnetic pickup sensing a marker on the flywheel. 
This magnetic pickup signal is then easily superim- 
posed on channel 2 to coincide with the RFG 360° 
marker. The RFG volume signal is then aligned with 
the particular cylinder of interest. 

The RFG generates the wave shape necessary for deter- 
mining piston displacement at any point in the com- 
bustion cycle. To accomplish this, the RFG generates 
a waveform containing 6.35% second harmonic to ap- 
proximate an r/l ratio of 1/4 (the ratio relates the 
length of the connecting rod (1) to the radius of the 
circle described by the rotation of the crankshaft (r), 
see fig 3 ) . This waveform is then used to generate 
the V axis for a P-V diagram curve. 

*(RPM) Ref IEEE Standard Symbols for Units IEEE No 
260 Jan 1965 
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Most engines have r/1 ratios ranging between 1/3.5 
to 1/6. The chart below shows the displacement for 
various values of crankshaft rotation for r/1 ratios of 
1/6, 1/4, and 1/3.5. Based on a 100~mm displacement, 
the 1/4 maximum displacement error of the RFG (at 
90° of crankshaft rotation) is only —2.15 mm and 
+ 0.95 mm re.spec lively. Thus, a variable r/1 control 
is not required. 

Once a P-V display is obtained, mean effective pres- 
sure can be found as it is proportional to the area 
within the loop. The mean effective pressure is then 
used to determine the indicated horsepower of the 

PLAN 

engine by the formula HP — In the case 

of a 4-cycle engine it is necessary to determine the dif- 
ference between the two loops since one is negative 
work and the other is positive work. 

P = mean effective pressure (Ibf/in-)* 

L = length of piston stroke (ft) 

A — cross-sectional area of cylinder (in-) 

N = speed of rotation (r/min) |N/2 (4 cycle) | 




Fig 4. Pressure vs cylinder volume. The area within the 
loop is the mean effective pressure and may be determined 
accurately with a plan! meter. 



PRESSURE MEASUREMENTS 



Pressure measurements are made with the Tektronix 
Engine Analyzer by using a piezoelectric pressure trans- 
ducer and a charge amplifier (channel 1 of the Type 
3 A 74 Engine Analyzer Amplifier) . 50 feet of special 
Tektronix designed low-noise cable is used to connect 
the pressure transducer to the amplifier input. Cable 
noise is not apparent witli the special low-noise cable 
supplied. 

■'^(psi) Ref IEEE Standard Symlx>ls for Units IEEE No 260 
Jan 1965 



The low-noise cable, the pressure transducer, and the 
channel 1 amplifier allow three displays of cylinder 
pressure to be quickly and easily obtained: (1) Pres- 
sure versus crankangle; (2) Pressure versus cylinder 
volume; (3) Pressure versus time. 

The Tektronix Engine Analyzer System measures the 
charge of the pressure transducer instead of a voltage. 
As a result, the system is insensitive to variations in 
transducer or cable capacitance. This feature enables 
the Engine Analyzer System to use cables as long as 
2000 feet, even in the most sensitive position. 
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Fig 3. The table above shows the amount of deviation from 
an r/1 of 1/4 as the crankshaft moves the piston from mini- 
mum to maximum displacement. Note that the maximum 
displacement error (90^) at 1/3.5 is ~\-0.95 mm and at 1/6 is 
—2.15 mm. 
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The pressure transducer operates over a range of -”40° 
to -1-150° C and speeds up to 6000 r/min. The trans- 
ducer should always be used with a cooling adapter 
where environmental conditions exceed 4-150° C. En- 
gine speed must be derated to 1500 r/min when using 
the cooling adapter, and to 1000 r/min when using 
the cooling adapter and coupling pipes of 5 to 10 inches. 

Special low-noise coaxial cables have been designed 
by Tektronix with a conductive plastic jacket under- 
neath the braiding. 1 his reduces the cable movement 
noise by a lactor ol at least 100 over standard RG58 



cable. All coaxial cables are provided with the same 
BNC connectors as the transducers. As a result there 
are no problems in interchanging connectors or re- 
placing and repairing cables. 

The high-charge sensitivity of the transducer makes 
the system impervious to cable and connector noise 
and eliminates resistivity problems caused by dirty con- 
nectors. The pressure transducer has a range from 
0 to 3000 lbf/in° and wlien used with channel 1 of 
the lype 3A74 Engine Analyzer Amplifier deflection 
factors from 1 lbf/in-/div to 500 Ibf/in‘/div are pro- 
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videcl in a 1-2-5 sequence. The transducer can stand 
overload of 9000 Ibf/in- which enables it to withstand 
knocks in the transducer access pipes. 

The charge amplifier of channel 1 can be set for eitlier 
LONG (::::^4s) or SHORl' (^0.4 s) recovery time, 
and is constant in all PSI/DIV positions. The low- 
frequency response is 0.05 Hz (LONG) and 0.5 Hz 
( S HO R'.r ) . Lon g re co ve r y i i m e s a re n o i' m a 1 1 y sc 1 e c te d 
l^elow 600 r/min, and where critical |)i'essure measure- 
ment is required. 



VIBRATION MEASUREMENTS 



4 'he piezoelectric \i brat ion transducer is capable of 
lOOOg-'s maximum acceleration over a rang'e of —40° 
C to T150° C. 50 feet of the Tektronix designed low- 
noise cable is provided to connect the vibration trans- 
ducer to one of the channels of the 4-channel amplifier. 
The vibration transducer normally provided with a 
4'ektronix Engine Analyzer has a sensitivity of nominal- 
ly 6 mV /g (4^2 mV/g with the 50- foot included cable) . 
Vibration transducers are provided with a calibration 
chart for the individual transducer. The vibration trans- 
ducer has a bandwidth of 40 Hz to 15 kHz into the 1 
MQ impedance of tlie 4- trace amplifier, with a re so- 
il a n t f r e cj 1 1 e n c y ( - f 2 5 d B ) at a ]i p ro x i m a t e 1 y 10k H z . 




Fig 5. Two basic sounds of interest in engine anaiysis. The 
hammering sound has a steep wavefront white that of the 
leaking sound is much more sloping. The circled area in the 
bottom photograph indicates a piston slap condition. 



4' he 10-kHz resonant frequency enhances tlie indication 
of mechanical shocks (valve closings, loose piston rings) , 
and leaking gases (blow-by). This transducer also aids 
the operator by filtering out the low-frequency vibra- 
tions of les.ser interest (below 40 Hz) . 



IGNITION MEASUREMENTS 



The 50- foot low-noise ignition probe consists of a 100 OX 
capacitive attenuator that clamps onto the secondary 
coil and spark plug wire and presents a signal to the 
oscilloscope. 4 'he exact attenuation of the ignition 
pickoff is determined by the capacitance between the 
pickofi and the secondary lead (^10 pF) and the built- 
in cajiacitance of the probe. The probe may easily be 
calibrated by using a piece of similar cable and tlie 
oscilloscope calibrator. 

Magnetic pickups are used to indicate tlie 4'DC of a 
piston by detecting a hole or steel stud on the flywheel. 
4'he use of magnetic pickups eliminates the inconven- 
ience of timing lights. It is no longer necessary to con- 
nect to the high voltage of a spark plug buried some- 
where inside the head of a large engine. In addition, 
there is no large cable capacitance loading the second- 
ary of the ignition system and affecting the timing. 



HORIZONTAL DISPLAY 



4"he horizontal display capabilities of the Engine An- 
alyzer are time, crankangle rotation, and piston dis- 
placement. The single-sweep mode of the Type 2B67 
Engine Analyzer is available for time displays as well 
as for 2 or 4-cycle engine volume and crankangle dis- 
plays. 

A triangular horizontal modulation signal is provided 
when no horizontal output is present. This safety pre- 
caution prevents accidental CRT phosphor burns. When 
using the time base the sweep may be triggered ex- 
ternally by the REG (this connection is built-in), mak- 
ing the triggering insensitive to ignition RFI. 

The rotational function generator operates on a photo- 
electric principle and is a compact lightweight unit 
with very low rotating torcjiie and a 1:1 ratio. The 
housing unit is easily rotated for alignment with indi- 
vidual cylinders and has an adj’u stable dial marked 
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Bill Verhoef, Engine Analyzer Project Engineer, monitors 
an Engine Analyzer display. 



in degrees to measure the amount of this rotation. A 
polarity switch is provided, so regardless of crankshaft 
rotation, the desired crankangle sweep direction is ob- 
tained. 



SUMMARY 

The Tektronix Engine Analyzer System provides valu- 
able information on engine, pump, and compressor 
performance. The ability to simultaneously monitor 
pressure, ignition, vibration, and crankshaft rotation 
provides sufficient information to analyze most prob- 
lems before extensive damage occurs. 



Tektronix manufactures a line of oscilloscope cameras. 
These cameras all use Polaroid'^'^ backs and are ideal 
for maintaining a history of an engine's performance. 

A convenient carrying case is provided which contains 
all cables, transducers, and accessories required. In 
addition, space is provided for a planimeter, Polaroid 
film, timing light, and small tools. 

Further information on Tektronix Engine Analyzer 
Systems is available on pages 178-182 of the Tektronix 
1969 Catalog 28, or from your local field engineer. 
A demonstration is available by contacting any of the 
52 field offices serving the United States. 

Registered Trademark Polaroid Corporation 
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By Val Garuts and Charles Samuel 



Noise — random and specific unwanted variations of the trace on a cathode- 
ray tube (CRT) — is a iimiting factor in high-sensitivity measurements with 
an osciiloscope. The amount of noise visible on a CRT display depends 
on the oscilloscope’s bandwidth, deflection factor setting, the ambient tem- 
perature, power line waveform characteristics, and other factors. 
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Small amounts of noise usually have little effect on os- 
cilloscope display interpretations. As a result, instru- 
ments witli less than about 0,2 divisions of noise de- 
flection do not generally have noise performance speci- 
fied. Instruments with more than 0.2 divisions of noise 
deflection may have performance areas which are noise 
limited and thus, a performance specification is re- 
quired. If the visible noise is much larger than this 
it may affect measurements made with the oscilloscope. 

Three metliods to measure and specify noise are pres- 
ently used on conventional Tektronix instruments: 

1. Determine the noise on the display by measuring 
it at some output point with an RMS voltmeter. 

2. Observe the apparent trace width on the CRT. 

3. Display a known signal and determine the amount 
of noise present by tangential measurement (dis- 







NOISE MEASURED WITH METER (RMS) 

Tlie most repeatable means of measuring noise is witli 
a RMS voltmeter. This method requires access to the 
signal before it is displayed on the CRT. A calculation 
is necessary to convert RMS noise to a value corres- 
]:)onding to the CRT observation. The meter must be 
connected to the proper impedance point in the circuit 





or the measured noise amplitude will be incorrect. RMS 
voltmeters are seldom used to describe noise for os- 
cilloscope displays because: 

1. Oscilloscope users generally are interested in a 
specification wliich can be measured directly from 
a CRT observation. 

2. The complexity of the various sources of noise 
make it impractical to completely specify noise 
and difficult to determine where in the circuit to 
make the measurement. 

3. The meter bandwidth will affect the result. 

4. Expensive instrumentation is required to verify the 
specification. 



APPARENT TRACE WIDTH 



The most convenient method of noise measurement is 
to determine the peak-to-peak vertical trace width due 
to noise. Measuring the noise directly at the CRT gra- 
ticule is also the simplest way to determine the amount 
of noise present. This requires no extra equipment 
but is useful only on small amounts of noise deflection 
where accuracies of ±50% or so are adequate. 

Repeatable measurements are difficult to obtain with 
deflections larger than 0.2 divisions. Different amounts 
of noise are read at different times and the apparent 
noise value is changed by ambient lighting and trace 
intensity. Thus, this method is not adequate for veri- 
fying noise performance unless the specification is 0.2 
divisions or less. With the apparent trace width 
method, it is only possible to state that the noise volt- 
age is witliin a certain value for the time it is observed. 



DISPLAYED NOISE 



Traditionally, the amplitude of random noise in an 
amplifier has been stated by an equivalent RMS value 
of the noise referred to the input. As previously dis- 
cussed, describing the noise amplitude by stating its 
RMS value is somewhat unsatisfactory for CRT dis- 
plays. 

Noise interferes with an oscilloscope’s usefulness and 
appears as a visible widening of the trace. This reduces 
the oscilloscope’s ability to display and measure small 
vertical deflections. A measure of noise-limited resolu- 
tion may be obtained by noting the vertical signal am- 




RMS noise 
2.5 mV ±2-5% 





Apparent trace width 
15 mV ±50-300% 



Displayed noise 
5 mV ±10-20% 



Fig 1. Example illustrating relative amplitudes and accuracies of the three methods used to measure conventional oscillo- 
scope noise at Tektronix. 
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plitude which will merge two noise traces into one. 
Noise measured in this manner is defined as displayed 
noise and is measured by the tangential noise measure- 
ment method. This method of stating the noise is more 
meaningful than the RMS value, since it more closely 
approximates the actual effect of noise interfering with 
measurements. It is also much more repeatable than 
just observing the trace width. 



TANGENTIAL NOISE MEASUREMENT 



This method is useful with all noise-limited instruments 
(apparent trace widtli of 0.2 division or greater). The 
equipment required is listed below: 

1. A scpiarewave generator, with an internal or ex- 
ternal variable attenuator, to produce a frequency 
1/10 or less the bandwidth of the oscilloscope. 

2. A precision (e.g., ±1%) 10 OX attenuator. 

3. Necessary terminations, cables, etc. 

By following the steps below, the displayed noise is 
easily measured. 

1. Set up equipment as in fig 2. 

2. Adjust the oscilloscope sw'eep controls for a free 
running sweep at about 0.2 ms/div. Adjust the 
oscilloscope intensity control for comfortable view- 
ing; also adjust the focus and astigmatism con- 
controls if necessary. I’hc setting of the CRT con- 
trols is not particularly critical. Any intensity 
which produces comfortable viewing may be used 
and sweep time can lia\c any value tliat does not 
pi'oduce flicker. 



3. Set the oscilloscope vertical volts/division to the 
deflection factor where the noise is to be meas- 
ured, and apply the signal from the test .setup 
shown in fig 2. Adjust the squarewavc amplitude 
so two bands of noise can be observed on the CRT, 
sec fig 3. 

4. Reduce the squarewave amplitude till the two 
noise bands merge (the point where the darker 
band betw'een the noise bands just vanishes), 
see fig 4. The final amplitude adjustment should 
be made slowly, since the observer may adapt to 
the pattern and tend to obsei've a residual dark 
band where none is observable a few seconds later. 
A total adjustment time of 1 minute is typical. 

5. Remove the lOOX attenuator from the square- 
wave path, change the oscillo.scope deflection to 



50 n 




Fig 2. Equipment setup for measuring displayed noise. 
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Fig 4. Final Adjustment. Dark band between 
the noise bands has just vanished. 



a suitable value, and measure the squarewave am- 
plitude. Divide this amplitude by 100 to obtain 
the amplitude of the displayed noise. 



RELATIONSHIP TO RMS VALUE 



For the very common case of a Gaussian noise ampli- 
tude distribution (e.g., thermal resistance noise), tan- 
gentially measured displayed noise has a simple rela- 
tionship to RMS noise: displayed noise ^2X RMS 

noise. A common situation where these relationships 
do not hold is for essentially Gaussian noise mixed with 
a comparable amount of single-frequency signal (i.e., 
hum) . 



ACCURACY AND REPEATABILITY 



Idle repeatability of the tangential method is relatively 
unchanged by changes in trace intensity or ambient 
lighting. The measurement accuracy depends primar- 
ily on the user’s ability to detect small differences in the 
brightness of two adjacent regions. This difference 
threshold depends upon the absolute brightness of the 
regions, the brightness relative to background, the close- 
ness of the regions (rate of change of brightness with 
dimension), the absolute angular size, and other fac- 
tors. Under optimal conditions, brightness differences 
as small as 2% can be seen; a brightness differ- 

ence is always easily ]ierccived. Ex|)eriments indicate 



a 20% brightness difference may be perceived by most 
operators since conditions such as size, absolute bright- 
ness, and relative brightness are under the operator’s 
control. Statistical analysis of independent measure- 
ments indicate that 99 5 f of all observations should 
lie within 20% of the mean of all observations. 

'Fhe relationship of the three measurement methods de- 
scribed was determined by experiment. Values were 
determined for the conversion factors described in the 
following 2 equations: 

Noise measured with a RMS meter X conversion 
factor 1 = displayed noise. 

Displayed noise X conversion factor 2 = apparent 
peak-to-])eak trace widtli of noise band. 

Five observers made measurements on each of 13 Tek- 
tronix Type 545B/1A7A Oscilloscopes. They made 
judgments of the amplitude of the noise band observed, 
measured the RMS noise with a meter at the signal 
output connector of the Type 1A7A, and measured the 
displayed noise by the metliod just described. These 
observations were tabulated and the conversion fac- 
tors were determined. These conversion factors indi- 
cated that the following relationsliips aix' \alid for 
conventional oscilloscopes : 

Displayed noise —2 RMS equivalent noise 

. apparent trace width 
Displayed noise 



Note that the visible effects of random noise on a CRT 
display (apparent trace width) is approximately 6 
times the RMS noise value. 



CONCLUSION 



A tangential noise measurement requires a minimum 
amount of equipment and offers an accuracy of ap- 
]3roximately ±20%. The mean of 5 observations 
should be accurate to ±10%, provided a particular 
observer has no fixed bias. In comparison, the accuracy 
of the apparent trace width measurements may vary 
several hundred percent. The RMS meter is slightly 
more accurate than the displayed noise technique but 
requires more care and additional equipment to make 
an accurate measurement. As a result of these conclu- 
sions, all new Tektronix con\-cntional oscilloscopes spec- 
ify displayed noise performance by the tangential 
method of measurement discussed. 



11 



SERVICE SCOPE 




TROUBLESHOOTING THE POWER SUPPLY 



By Charles Phillips 
Product Service Technician 
Factory Service Center 

This second article in a series discusses troubleshooting 
techniques for Tektronix power supplies. The Febru- 
ary TEKSCOPP. discusses localizing problems to a 
major block of an oscilloscope. 

The power supply is the most fundamental block of an 
oscilloscope. The performance of the instrument is only 
as good as the condition of the po\ver supply. The follow- 
ing information will assist in checking and obtaining the 
optimum performance from Tektronix power supplies. 

For effective troubleshooting, examine the simple possi- 
bilities before proceeding with extensive troubleshooting. 
The following list provides a logical sequence to follow while 
troubleshooting: 

1. Check control settings. 

2. Check associated equipment. 

3. Thorough visual check. 

4. Check in.strument calibration. 

5. Isolate trouble to block. 

6. Check voltages and waveforms. 

7. Check individual components. 

Incorrect operation of all circuits usually indicates troul)lc 
in the po\N-er supply. Check first for correct voltage of the 



individual supplies. However, a defective component else- 
where in the instrument can appear as a power-supply 
trouble and may also affect the operation of other circuits. 
A short circuit in any regulated supply may cause the out- 
put level of all supplies in the instrument to drop to zero 
until the .short is removed. If the output level of all the 
supplies is incorrect, check that the Line Voltage Selector 
Assembly is set for the correct line voltage and regulating 
3’angc. 

Most Tektronix manuals list the tolerances of the power 
supplies. If a power-supply voltage is within the listed tol- 
erance, the supply can be assumed to be working correctly. 
If outside the tolerance, the supply may be mi sad justed 
or operating incorrectly. When testing for shorts or over- 
loads, remove the loads from the output filter. Check the 
resistance of each to .segregate which load is can. sing the 
short or overload. Next, look in the defective circuit for 
connections from the power supply directly to ground. 
Diodes and potentiometers arc a good place to start. 



CHECKING POWER SUPPLY REGULATION 

Connect the o.scilloscopc under test to a varial)le auto- 
transformer. Turn off the sweep and calibrator, and moni- 
tor the individual supplies with a IX probe, AC-coupled 
to the te.st oscilloscope. Begin with the reference supply since 
other supplies are related to this reference. Adjust the va ri- 
al )lc auto- transformer to the point \\^here the supply goes 
contpletcly out of regulation, noted by a large increase in 
ripj)le. Next, incrca.se the line voltage to the point where 
the suj^ply pulls into complete regulation, and note the 



12 











voltage. This point is the low-line regulation voltage (low- 
line regulation is checked in this manner because of the 
regulator tube characteristic of holding gain when heated). 
Next, increa.se the line voltage to the point where the sup- 
ply starts to go out of regulation. This point is the high- 
line regulation voltage. Fig I illu.st rates the various line 
conditions normally encountered. 




Fig 1. Regulation indications of a typical tube-type power 
supply. 



POWER SUPPLY NOISE 

A power supply voltage with noise or microphonics can of- 
ten l:>e located by rapping softly with a finger. The finger 
acts as a convenient, reasonably uniform reference when 
checking for noise. It is often helpful to turn the o.scil Io- 
sco j^e upside down or on its side and then rccheck. This 
will u. snail y show up loose connections. 



RESISTANCE MEASUREMENTS 

In tube type instruments (where stacking of supplies is 
common) the supply resistance will start at ~2-3 kn in the 
reference supply and increase with each supply. Note — if 
a supply reads low (500 or .so) reverse your meter leads. 
Some voltage supplies employ a diode at the output and the 
low reading may be the resistance of the diode. If there 
is any doubt, consult the instrument manual and check the 
circuit schematic. 

The same technique works with solid-state supplies, although 
the resistance values are lower. Solid-state power supplies, 
because of their lower impedance qualities, have supply 
resistances as low as 25-50 

Silicon diodes can usually be checked in the circuit and 
typically read in one direction. When a power sup- 

ply diode fails it usually will be cither a dead .short or open. 
If an in-circuit check leaves doubt as to the condition of a 
supply, lift one end of the diode to be sure of the reading. 
Most silicon power supply diodes read ^2 kn or ~2 
depending on direction of current flow. 

DIFFERENCES IN TRANSISTOR SUPPLIES 

Solid-state supplies are more and more common in present 
day electronic equipment. The following points summarize 
the major differences between vacuum tube and .solid-state 
supplies: 

1. Lower output impedance. As a result, .solid-state sup- 
plies have lower output ripple — usually on the order 
of 2 mV. 

2. Resistance of .supplies is typically lower but checking 
is the .same due to stacking of .supplies, 

3. Supplies may be checked for shorts immediately after 
power is applied (no time delay relays). 




Fig 2. Simplified schematic of solid-state power supply. 
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4. Less proi)lems with regulators because of less heat dissi- 
pation. 

5. Varying line voltage docs not provide as much infor- 
mation on regulation in a solid-state supply. Use a hair 
dryer to heat the power supplies, then cool with an 
aero.sol circuit coolant to determine if a supply is 
faulty. This technique simulates the ambient condi- 
tions the supplies encounter over a longer period (2 
or 3 hours) tiian the auto-transformer test. Often this 
check will indicate a heat sensitive device early and 
eliminate the need to recalibrate portions of the in- 
strument twice. 



COMMON POWER SUPPLY PROBLEMS 

1. Fuse l)lows wlien power is applied -shorted diode in 
bridge. 

2. Fuse l)lo\\s when time delay relay closes- ox'crloaded out- 
put. 

3. Excessive ripple divide by 10 for approximate solidstate 
x'alues. 

(a) 50 mV to 1.5 V — comparator, speedup capacitor 

(1)) 1.5 to 8V -output filter 

(c) B or more input filler 

4. Off tolerance — leakage speedup capacitor (lift one end, 
cliange both output voltage setting resistors). 

5. Poor regulation: 

at 117 V line- weak compartor 
at 105\'' line — weak regulator 

6. Noisy output noisy comparator or regulator, noisy out- 
put voltage setting divider, noisy tul)e or poor connection. 



NOTE 

Power transformers, manufactured in our plant, are war- 
ranted for the life of the instrument. If the power trans- 
former is defective, contact your local Tektronix field en- 
gineer for a warranty replacement. Be certain to replace 
only with a direct replacement Tektronix transformer. 



IMPROVED BNC ATTENUATORS 



A significant improvement in performance has been incor- 
]:>oratcd into a new series of BNC attenuators and termina- 
tions availaldc from Tektronix. The new design features 
improved VSAVR, greater bandwidth, increased reliability, 
and extended power ratings (.see chart below). 



SPECIFICATIONS OLD 



Power Rating 
VSWR — 250 MHz 
VSWR — 500 MHz 
Attenuation Ratio 



1 \vatt 

(1.1 - 100 MHz) 

+ 2% - DC 
+ 3% - 100 MI-Iz 



NEW 
2 watts 
1.1 
1.2 

+ 2% - DC 
+ 3% - 500 Mliz 



'Fhese new accessories are shorter in length and lower in 
cost and arc availalde in the follo\ving configurations: 50-12 
feedthrough terminations (white); 50-12 2X attenuator (red); 
50-12 2.5X attenuator (^\•hite); 50-12 5X attenuator (green); 
and 50-12 lOX attenuator (brown). In addition, a 5 watt 
50-12 feedthrough termination (black) is available. 




Fig 3. New two-watt attenuator and five-watt termination. 



TEKTRONIX WIRING COLOR CODE 



.Ml insulated wire and cable used in the Tektronix instru- 
ments is color-coded to facilitate circuit tracing. Signal 
carrying leads are identified with one or two colored stripes. 
Voltage supjDly leads arc identified with three stripes to 
indicate the approximate voltage using the El A resistor color 
code. (See fig 4). A white background color indicates 
a positive voltage and a tan background indicates a nega- 
ti\’c voltage. Note — older Tektronix instruments may use 
a black background to indicate a negative voltage. The 
widest color stripe identifies the first color of the code. 



Black 


0 










Brown 

Red 


1 




2 




Orange 


3 


Tan Background 


Yellow 


4 


-12.2 V 


Green 


5 




Blue 


6 




Violet 


7 




Gray 


8 


o' 


White 


9 


zm M e\ 






White Background 






+ 300 V 



Fig 4. Tektronix color-coded insulated wire. 
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1969 TEKTRONIX CATALOG 



The new 1969 Tektronix Instrument Catalog 28 has been 
cli.strii)uted to the mail list and your copy should now have 
reached you. 

Over 40 new Tektronix products have i)een added since 
mailing of Catalog 27. 44 le catalog includes a new func- 
tional index in the rear and an expanded reference section 
in the front. 

If you have not yet received your 1969 Tektronix Catalog, 
contact your local field engineer. 




INSTRUMENTS FOR SALE 



i — 4"ype 122 Low Level Preamplifier. 
Good condition. Contact: Mr. Ed 

AlcKenna, Mechanical Engineering De- 
partment, University of Colorado, Boul- 
der, Colorado 80302. 

1 — Type 203, Model A, Scope-Mobile® 
Cart for 561 A, with plug-in carrier. 
Contact: Mi\ Kian Miradadian, 7020 
Atwell, Houston, Texas 77036. Tele- 
phone: (713) MO7-5067. 

1 — Type 514AD, SN 139 in excellent 
condition. Latest mod kits and fiat face 
tube. Price: If 275. Contact: Mr. George 
L. Garton, 3576 Texas Street, San Di- 
ego, California. Telephone: (714) 460- 
4509. 

1 — ^Type 5 24 AD, SN 5715. Contact: 
Mr. George Groth, Jam pro Antenna 
Co., 6939 Power Inn Road, Sacra- 
mento, California 95828. Telephone: 
(916) 383-1177. 

1 — Type 561 A, SN 20580; 1 — Type 
3S1, SN B090795; 1— Type 3T77A, SN 
5463; 1 — Type P6034; 1 — Type P6035. 
Price: $2,250. All in excellent condi- 
tion. Contact: Judy Ma.sters, Sudmier 
Enterprizes, Inc., 1527 W. El Segundo 
Blvd., Gardena, California 90249. Tele- 
phone: (213) 754-2821. 

1--Type 545B, SN 236; 1— Type W; 
1 — Type P6019, with 134 Amplifier. 
Contact: E. Schwab, 8 Chatham Place, 
Pluntington, Long Island, New York 
11743. Telephone: (516) 864-8725. 

1— Type 535-S2, SN 5737; 1— Type 
CA Dual-Trace, SN 017641. Price: 
$600 sold as a unit. Contact: James 
Hooper, Argonaut Insurance Company, 



250 Middicfield Road, Menlo Park, 
California 94025. Telephone: (415) 

326-0900 Ext. 44. 

L-Type 422, SN 10685 (Mod 125 
without battery pack). Price: $1400. 
1— Type 310A, SN 20903. Price: $500. 
Contact: A Zandbergan, Northern 

Radio, 4027 - 21st Avenue West, Seattle, 
Washington 98199. Telephone: (206) 
AT 4-0534. 

1 — Type 512, SN 1016. Price: $125. 
Contact: Larry Keyser, Econolite Divi- 
sion, 3644 Albion Place North, Seattle, 
Washington 98103. Telephone: (206) 
ME 3-2^59. 

1— Type 80/P80 Vertical Plug-In 
Probe with 5 attenuators, SN 003904. 
Price: $125. 1 — Type 81 Plug-In, SN 
3149, Price: $85. Contact; A. Barron, 
1122 Brunswick Way, Santa Ana, Cali- 
fornia 92705. 4>lephone: (714) 540- 

1 234. 

1 — Type 535A Oscilloscope. Two 
Scope-Mobile.s®, Models 500/53 A. Used 
moderately. Price: $1,200. Contact: 
Miss Cannon, Biochemical Procedures, 
12020 Chandler Blvd., North Holly- 
wood, California 91607. Telephone: 
(916) 766-3926 Ext. 36. 

1 — Type 515; 1 — Type 516. Good con- 
dition. Contact: Robert Galbraith, 

11513 Bar Flarbor Place, N. E. Albu- 
querque, New Mexico 87111. Tele- 
phone: (505) 264-6468 (work); (505) 
298-9.590 (home). 

l_Type 541A, SN 022675; 1— Type 
B Plug-In, SN 019056; two probes. 
Contact: Alvin Walker, Electro of Ari- 
zona, 4025 N. 6th Street, Phoenix, Ari- 
zona 85012. 

1 — Type 545 A; 1 — Type D; 1 — Type 
CA; 1 — Type 160A; 1 — Type 161; 1 — 
Type 162; 1 — Type 163. Contact: In- 



tcctron, Inc. P. O. Box 584, Waltham, 
Massachusetts 021.54. Telephone: (413) 
891-4114. 

l„Type 310A, SN 21847. Price: $450. 
Very good condition. Contact: Frank 
A. Hayes, Red Llill Road, Middletown, 
New Jersey 07748. Telephone: (201) 
671-0271. 

1 — Type 585 Oscilloscope, SN 002799; 

1 — Type 80, SN 003456; 1 — Type P80 
Probe; 1 — Type L Plug-In Unit, SN 
019918; 1 — Type 81 Adapter, SN 005- 
006. Price: $1000 for entire package. 
Instruments recently factory calibrated. 
Contact: Mr. Art Godsen, Maritime 
Communications, 4210 Lincoln Blvd., 
Venice, California. Telephone: (213) 
397-7705. 

1— Type RM561, SN 717; l^Type 
2A63, SN 4463; l~Type 3B3, SN 131. 
Will consider separate sales. Contact: 
Mr. Russ W. Johnson, Ball Brothers 
Company, P. O. Box 1062, Boulder, 
Colorado 80302. 



INSTRUMENTS WANTED 



1 — Type 545/C A or equivalent. Con- 
tact: Mr. Jerry Cowan, Sperry Rail 
Service Division Automation Industries, 
Shelter Rock Road, Danbury, Connecti- 
cut 06810. Telephone: Office (203) 
748-9243, liome (203) 868-2252. 

1 — Type 585 with Type 82 Plug-In. 
Contact: Donald A. Paris, 48 East Cir- 
cle Drive, East, Longmeadow, Massa- 
chusetts 01028. Telephone: (413) 525- 
2333. 

1 — Type S Plug-In. Contact: Dr. T. S. 
Chu, Electronic Sciences Department, 
Southern Methodi.st University, Dalla.s, 
Texas. Telephone: (214) 363-5611 Ext. 
2221. 
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DISPLAY 



APPLICATION 



Pressure-Time 


Observe many combustion cycles to measure variations in 
peak pressures, rate of pressure rise, and rimin. 


Pressure-Volume 
(Compressors, Pumps) 


Evaluate performance of suction and discharge valves, com- 
pressor capacity, ring action, volumetric efficiency, and over- 
all compressor, and pump operation. 


Pressure-Volume 
(Combustion Engines) 


Evaluate engine performance, cause of horsepower varia- 
tion, measurement of efficiency, compression ratio, capacity, 
power balancing, and horsepower. 


Pressure-Crankangle 


Observe engine events (valve openings and dosings, igni- 
tion or pre-ignition, etc.), against the crankangie at which 
they occur. Four-trace oscilloscope displays vibration, pres- 
sure, ignition, or any desired combination of curves required 
to evaluate compressor and engine performance. 


Vibration Analysis 


Detect, locate, and identify defective parts to uncover de- 
structive detonation, improper valve functions, piston slap, 
improper function of compressor valves, worn valve cams, 
carbon buildup, blow-by, leaking valves, ring damage, blow- 
er bearings, engine cylinder run-in, and other malfunctions. 


Ignition Analysis 


Proper timing of engine, evaiuation of breaker point gap- 
ping, point arcing, point bounce, tow and high resistance 
in secondary circuits, spark piug condition, shorted primary, 
coil condition, etc. 
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COVER 

Circle on circle program. This graphic display is 
formed when the locus of the centers of circles form 
a circle. 



Five years ago Tektronix introduced the Type 
564 low-cost, direct-view bistable Storage Os- 
cilloscope. Many customers involved in com- 
puter readout projects found this instrument to 
be the best overall compromise for a computer 
readout device. Since that time customer in- 
terest in this area has resulted in the forma- 
tion of an Information Display Division. The 
June issue of TEKSCOPE discusses some of the 
significant developments of this new Tektronix 
technology. 
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Low-Cost Graphics 



A new low-cost graphic computer terminal is capable 
of presenting high-inf or ination content messages at 
speeds of up to 2000 characters per second. For the 
first time, low-cost (less than $9000, including inter- 
face ) complex graphic and high-density alphanumeric 
displays are possible. This breakthrough in inforinatioii 
display technology allows users to now consider graphic 
displays where cost lias been prohibitive in the past. The 
Tektronix T4002 Graphic Computer Terminal offers 
greater information content at approximately one th ird 
the price of other graphic systems. 



refreshed memory and minimizes the information rate 
requirements of the data source. With no display re- 
freshing circuitryj the annoying flicker associated with 
most refreshed displays is also eliminated. The new data 
is written only once and data can therefore be sent 
to the terminal at a convenient rate of up to 2,000 
characters per second. 

The direct-view bistable storage tube provides most 
of the economic advantage of this type of system. The 
slower speed allows the use of software for much of 
the data formatting and data control functions. In ad- 
dition, the analog character generator, with its char- 
acteristic of high- a ecu racy and low- slew rate, contributes 
to the low- system cost. 



The Tektronix Type T4002 Graphic Computer Termi- 
nal is a completely self-contained, desk-top information 
system which provides a high-resolution, flicker-free 
display with both high-speed complex graphic and high- 
density alphanumeric capability. Its unique direct-view 
storage tube eliminates the requirement for a separate 



To ensure maximum flexibility, the terminal uses a stan- 
dard control and input signal interface that is compat- 
ible with the following Tektronix Display instruments. 



Type 601 (5-in storage monitor) 

Type 602 . . . (5-in high-resolution monitor) 

Type 611 (11-in storage monitor) 



Type 4501 Scan Converter (large-screen TV display) 
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COMPUTER 



DISPLAY 

UNIT 




OPERATOR INPUT 



T4002 GRAPHIC COMPUTER TERMINAL BASIC BLOCK DIAGRAM 



A solid-state, data-entry keyboard and the visual display 
of high-resolution alphanumerics and graphics provide 
a truly interactive system. No longer is the user required 
to obtain his information from columns of data or lists 
of numbers. The low cost of this graphics system allows 
managers to now obtain trends quickly and easily. In- 
formation may now be summarized in graphs, electrical 
circuits drawn, flow diagrams developed, etc. 

The T4002 is designed to use existing software as much 
as possible. TTY teletype interface is provided to allow 
complete compatibility with common existing teletype 
terminals. Thus, the user who is connected into a time- 
share service or computer with a regular teletype can 
connect the terminal with no change in software. Note: 
There may be a teletype-speed limitation unless the 
computer interface is modified to eliminate the time 
delays for TTY teletype. Once this high-speed link is 
available, however, the full capabilities of the Tektronix 
Type T4002 may be utilized. 

Four modes of display are selectable on the Type 
T4002: (1) Alphanumeric, (2) Point plotting, (3) In- 
cremental plotting and (4) Linear interpolation plot- 
ting. A fixed grid of 1024 x 780 calibrated addressable 
points are available in any of the three graphic modes. 

The three modes of graphic displays selectable on the 
T4002 are discussed at right. Programs that have been 
developed in any of the three modes mentioned below 



will generally be suitable for use with the Type T4002 
with only minor modifications. 

1. Point Plot: The point-plot mode generates a dis- 
play by providing a separate address for each 
point and then plotting it. Although there is no 
restriction on where the point is placed, this mode 
is inefficient because of the amount of bits re- 
quired to draw a graphic display. 

2. Incremental Plot: Incremental plot mode is wide- 
ly used by mechanical plotters. The display is gen- 
erated by providing an address for the beginning 
point. The next point must be adjacent in one of 
eight directions and may be printed or not printed. 
This incremental technique saves data bits com- 
pared to the point plot mode. 

3. Linear Interpolation: The linear interpolation 

mode provides a beginning and ending address. 
A line is then generated between the two points. 
This vector-type display allows smoother lines to 
be drawn since the beginning and ending points 
are the only points that must be on the fixed grid. 
Because minimal data is required to draw graph- 
ics, this mode is particularly appropriate when 
sending over phone lines. 

One of the greatest advantages of the computer termi- 
nal is the fact that programming is made so much easier 
and quicker. When writing and “debugging” pro- 
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gramSj a teletype readout is slow enough that the pro- 
grammer often loses his train of thought. The mind 
usually thinks much faster than a teletype can print 
out program elements. The tremendous speedup of the 
T4002 with its quick readout allows a rapid input back 
into the system. Thus, ideas and changes are applied 
without delay and the effects may be immediately ob- 
served. This interactive display capability is particular- 
ly important when developing graphics programs since 
there is little delay from program development to pro- 
gram observation. 

The T4002 Graphic Computer Terminal basically con- 
sists of a display unit, terminal control, character gener- 
ator, keyboard module, input/output interface and 
auxiliary unit. 

The 11-inch, flicker-free display (6^4 x 844-inch screen) 
accommodates 37 lines of alphanumeric characters of 
85 symbols each, permitting more than 3000 characters 
to be displayed. Resolution is equivalent to 300 x 400 
line pairs. ^ Stored information may be erased in less 
than 0.5 second. 

The terminal control provides timing logic, data buf- 
fers, interconnection logic, function decoding, scratch- 
pad control, D/A converters and plot logic for the 
character generator, keyboard and auxiliary module. 
All the data is routed and priorities determined by the 
Terminal Control. 

The character generator provides a complete set of 
USASGII- printable characters with both upper and 
lower case, numbers and special symbols. In addition, 
two sizes of characters are under program control. 

The control panel is designed for ease of operation 
with panel controls held to a minimum with automatic 
control functions. In addition to the standard key- 
board with 96 US ASCI I characters and 32 control 
characters, the following functions are provided. 

ON LINE /LOCAL — Controls status of terminal. 
TRANSMIT/RECEIVE— Indicates status of data 

transmission. 

TTY/ ASCII— Permits selection of keyboard code. 

1. Refer to April 1968 Service Scope “Direct-View Bistable- 
Storage CRT Resolution 

2. USA Standard Code for Information Interchange 




INPUT — Permits selection of KEYBOARD and/or 
AUXILIARY. 

OUTPUT — Permits selection of DISPLAY and/or 
AUXILIARY. 

PAGE FULL — Indicates full page and stops computer 
information (when input is available) . 
MARGIN SHIFT — Choice of four-margin positions. 
ERROR — Indicates communication or echoplexed char- 
acter error. 

DATA RECEIVED — Indicates when computer makes 
display entry. 

INTERRU PT — Stops transmission. 

FORMAT CONTROLS — Cursor indicator in alpha- 
numeric mode. 

VIEW — Switches display from a hold mode to a view 
mode for 1 minute. 

ERASE — Erases the display. 




The format controls determine the positioning of the 
cursor. The adjacent VIEW and ERASE button allow 
holding or changing of the stored display. These seven 
buttons differ from the control functions in that they do 
not go to the computer, but into the display. Thus, for- 
matting the location on the display does not disturb the 
output from the computer. The HOME button returns 
the cursor to a fixed reference. 

Color- lighted buttons are used to simplify operation 
and to alert the operator of the terminal status. By 
pushing a button, the status can be changed. Five 
colors are used with the following logic. 

Green — On Line — Normal Operation. 

Blue — Local or Auxiliary. 

White — Status (completion of operation) . 

Amber — Incomplete Operation — Error may occur 
unless corrective action is taken. 

Red — Operator action is required. 
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Stu McNaughton, Project Engineer, and Ernst Massey, 
Mechanical Engineering Manager, discuss a graphic dis- 
play on the T4002 Graphic Computer Terminal. 




Offline Editing 



John Griffin, Project Manager, Information Display Electronics 



The large-screen storage tube used in the T4002 has a 
number of advantages for graphic and alphanumeric 
displays. The tube is rugged^ low-cost, has flicker-free 
operation, and is capable of very high information den- 
sity. Because the Tektronix storage tube stores the in- 
formation in analog form (a series of lines and/or dots 
on the screen) the information is not stored in discrete 
locations in coded form. 



1.1 SET C=FDXSt20*FCOSC A 3 



01.10 S C~FDXSC 100,03 

01.11 S C=FNEW[24j 
01.20, F X=l, 10015 C=1 
01.30 T 8'* 

01,40 T « 6 » « « 9 8 M M M 6 M ft 

01.50 T " " 

^ " SPRING " 
"JOINT ^ 
I :: coNFPRtj-^ 



T.\vo interfaces are currently available for the T4002 
Graphic Computer Terminal. The Type 4801 (parallel 
interface) interfaces with the DEC PD P-8 family of 
computers; the Type 4802 (serial data communications 
interface) interfaces with Bell System Type 132, Type 
201 and Type 202 Data Sets and other El A compatible 
modems or high-speed data systems. Both interfaces 
permit alphanumerics and all graphic modes to be sent 
over normal ASCII communication circuits. 

The T4002 is designed to accept an auxiliary plug-in 
module to expand future capability. Inputs to peri- 
pheral gear and outputs from peripheral gear such as 
teleprinters, tape readers and magnetic recorders are 
feasible. 

The T4002 offers a substantial improvement over elec- 
tromechanical teleprinters in speed, noise of operation, 
and flexibility in the formatting and editing of data. 
'Ehese advantages, combined with a complex graphic 
capability, provide a complete versatile system for less 
than $9000 (including interface) . For further informa- 
tion on Tektronix Information Display products, refer 
to pages 276-293 of the Tektronix 1969 Catalog 28, or 
consult your local field engineer. 



The new offline editing feature of the T4002 Graphic 
Computer Terminal incorporates a scratch-pad mem- 
ory of a one-line (84-character) discrete memory. This 
memory is used in conjunction with a small refreshed 
area at the top of the tube. The information is in nu- 
meric form and thus the user can edit the text before 
sending the information to the computer as a one-line 
message block. Information may be updated and veri- 
fied, corrected if necessary before it is sent to the 
computer. 




Use of the electronic scratch pad is as follows: The 
COMPOSE button is pressed to change operation from 
DIRECT to COMPOSE. At this time the refreshed 
scratch pad area is displayed and the characters in the 
buffer memory are presented in one line across the top 
of the tube. 
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Information may be changed in one of several mannei's. 
The CLEAR button clears the text from the buffer and 
the cursor reverts to the left-hand edge of the refreshed 
area (point of entry of next character). The desired 
text is typed in and entered into the buffer and appears 
in the scratch pad area. (When editor-buffer capacity 
is reached, the FULL button is lighted to alert the op- 
erator) . Once the message is complete, pressing the 
SEND button sends all of the text to the computer as 
though it were coming from the keyboard. 



Fig. 1. The 84-character refreshed memory shown below, 
allows text to be quickly and easily corrected and edited 
before being sent to the computer. 



30*FSIN<A+B>3 
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This operation offers two advantages. First, text is edi- 
ted and you know it is correct befoi'e you send it ; second, 
it allows you to send a burst of text (i. e., one complete 
line as opposed to a number of individual chai'acters) 
which minimizes the transmission time of the machine. 

The scratch pad buffer is also convenient for incorrect 
messages. If the message is not correct the first time 
typed, editing is accomplished as follows : The keyboard 
is backspaced until the cursor is located where a change 
is desired (the scratch pad cursor consists of an under- 
line so as not to obliterate the dot matrix of the charac- 
ter block) . 

Once the cursor is at the desired location you have one 
of two options: a) Delete the character, b) Insert a 

character before the character designated by the cursor. 
Striking the DELETE button removes the character 
from the buffer and you have one character less. If you 
wish to insert a character, you simply start typing 
characters and they will be inserted just before the char- 
acter which has the cursor underneath it. Fig. 2 illus- 
trates these editing operations. 

When the editing is finished the SEND button is pressed 



X 

NOW IS THEE 



a 

NOW IS THE 



IS THEE 

r \ 

R 

' / 

IS THERE 

V ' J 

Fig 2. Characters are deleted by striking the DEL button 
and inserted (before the character designated by the cursor) 
by striking a character button. 



and the information is sent to the computer as a block 
of data. Pressing the SEND button automatically re- 
turns the terminal to the DIRECT mode and it is neces- 
sary to return it to COMPOSE to edit the next line. 

Another point of interest is that the text buffer is not 
erased by the SEND command. Therefoie, if an error is 
encountered in transmission, the entire text buffer could 
be sent out to the computer again, simply by striking the 
COMPOSE and SEND buttons. 

Scratch-pad operation combines many of the advan- 
tages of refreshed terminals with the advantages of the 
direct-view storage tube. The result is a low-cost re- 
mote terminal well suited for text editing applications. 
Scratch-pad operation is particularly desirable where 
relatively unskilled operators require information over 
a time-share network, e.g., parts information and parts 
drawing applications where a very small amount of in- 
put must be accurate. 

A second area of scratch-pad usage is when the terminal 
is used as a remote “batch” device. Such a use requires 
updating of information in computer files. The infor- 
mation that is being sent to the computer is the updated 
information and must be correct. Therefore, it is desir- 
able to compose and verify the entire entry before send- 
ing it to the computer. 
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THE TEKTRONIX FAMILY OF INCOf 





Storage Basics 




The Tektronix direct-view bistable storage tube (DVBST) is 
based on a secondary emission principle. When a stream of 
primary electrons strikes the phosphor target, secondary elec- 
trons are dislodged from the phosphor surface. As the poten- 
tial increases, each primary electron displaces more than one 
secondary electron, resulting in the material charging positive. 

In addition to the normal CRT writing guns, flood guns are 
used to cover the complete phosphor screen uniformly with 
low-velocity electrons. A conductive transparent face plate 
under the phosphor completes the circuit and allows stor- 
age to take place. 

The normal writing gun bombards the phosphor screen with 
a beam of high-speed focused electrons. The beam writes and 
also dislodges great numbers of secondary electrons. The 
written surface where the waveform is traced out loses elec- 
trons and charges positive. 
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By using the flood-electron guns, the display may be stored. 
The flood guns emit low-velocity electrons over the whole 
CRT-screen area. The electrons strike the unwritten area too 
slowly to jar loose many secondaries. As a result, these areas 
merely collect electrons until they are driven negative and 
can attract no more current. 

The latent image where the beam has written attracts flood 
electrons at such a velocity so each entering primary dis- 
lodges sufficient secondaries to hold the phosphor target 
positive. Thus, the written area neither gains nor loses 
electrons but remains positively charged and continues to 
attract flood current. As a result of this equilibrium, the 
trace is stored. 
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This is the basis for all Tektronix direct-view bistable storage 
tubes. The same flood current that holds the background 
dark also holds the written trace bright. 








Tektronix bistable storage tubes provide a medium for 
the conversion of analog inputs into TV format. These I 

bright displays are ideal for individual or group viewing 
under high-ambient light conditions. 



The heart of the Tektronix Type 4501 Scan Converter 
is a Tektronix- developed storage tube which acts as 
a graphic memory. A composite video output is pro- 
vided for convenient viewing on large-screen television 
monitors and receivers. Single events stored on the 
CRT or dynamic displays of changing information 
may be scan -con verted into TV format. 



Scan Conversion 



Scan Conversion is a term which has been applied to 
several processes used to transmit images between two 
syste7ns which are electrically incompatible, e.g., radar 
fpi to r V or PAL TV to NTSC TV. ~AltdioiigjVJhe 
basic principle is not a new one, modern techniques and 
components have made it possible to apply the principle 
in new ways. 



'riie Type 4501 Scan Converter Unit may be looped 
through a number of monitors for viewing at multiple 
remote locations. The Type 4501 output signal is suit- 
able for mixing with anotlier TV signal to create a pic- 
ture that is an overlap of two signal sources. For exam- 
ple, an active TV camera output could be superimposed 
with information scanned from the Type 4501. 

Once the analog input information is stored on the 
Type 4501 CRT, the input source may be removed. 
The stored image is then continuously scanned and 
displayed on TV monitors, until erased on command 
(200 ms). The tube also operates in a nonstorage mode 
where dynamic displays are desired. Resolution is 
equivalent to 100 x 125 stored line ])airs and dot writ- 
ing is less than 8 /xs. 
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Fig 1. Basic Biock Diagram of Scan Converter, in READ and WRITE, 

. the output of the switch is time-shared at a TV horizontal line rate. ^ 
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WRITTEN 






10 






Fig 2. Read mode of basic scan converter. By measuring 
target current, written and nonwritten points may be dif- 
ferentiated. 



Scan conversion is accomplished in the following man- 
ner. The storage target is raster-scanned by the CRT 
writing beam (read beam) . The diagram in Fig 2 shows 
the basic circuit used to detect changes in voltage be- 
tween written and nonwritten points as a read-gun ras- 
ter scans the target. 

A line is scanned as follows. When the raster line starts, 
the read beam is turned on and voltage across the cur- 
rent measuring resistor is developed. In the case of a 
nonwritten area that is negatively charged, current 
flows away from the target causing a voltage shift posi- 
tive. When the read beam strikes a point that has 
been written positive, less current flows in the monitor- 
ing circuit. This causes the voltage shift to be less posi- 
tive than when reading a nonwritten point. After a 
series of .scans, a complete TV picture is developed. 

Scan conversion then, consists of the following sequence : 
writing the target: monitoring the current fluctuation; 
processing these in the video amplifier; and mixing the 
video signal with sync and blanking to form a composite 
video signal (conforms with EIA (or CCIR) standards). 
Additionally, the composite video modulates an RF sig- 
nal to allow the user to drive Channel 2, v3 or 4 of any 
TV set. 

The CRT writing beam is used for both writing infor- 
mation and raster scanning in the WRITE AND READ 
mode. In this time-shared mode, writing is done dur- 
ing retrace of the raster (8 /xs out of 63.5 /xs) and infor- 
mation may be added to the display while the TV dis- 
play is active, A WRITE ONLY mode provides no 
readout (monitor is blank) but allows observation of 
signals incompatible with beam time sharing. A READ 



ONLY mode is also provided. New information cannot 
be written on the storage target in this mode. 

A LIGHT-DARK BACKGROUND switch is provided 
to change composite video polarity. This is particularly 
convenient when mixing the scan converter output with 
another video signal. The user can select the proper 
background to display his information most clearly. 

The Type 4501 Scan Converter was developed primar- 
ily to provide more flexibility in displaying information. 
By designing a basic unit that converts X-Y-Z inputs in- 
to TV format (EIA 525/60 or CCIR 625/50 scan rate 
selectable internally) , the user can select the particular 
display best suited for his use. Differential inputs and 
10-MHz bandwidth (X and Y) ensure versatile per- 
formance. In addition, two rear-panel remote program 
connectors provide external programming of major 
functions. 

dire price of the Type 4501 Scan Converter is $2200. 
For further information, refer to pages 290-293 of 
Catalog 28 (1969) or consult your local Tektronix 
field engineer. 



George Edens, Project Engineer, and Chuck Gibson, Sys- 
tems Manager, discuss a point of interest on the Type 4501 
Scan Converter. The composite display on the monitor is 
composed of a camera video signal and two scan converter 
outputs. 
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SERVICE SCOPE 




TROUBLESHOOTING 
THE HIGH-VOLTAGE SUPPLY 



By Charles Phillips 
Product Service Technician 
Factory Service Center 

This third article in the series discusses troubleshooting 
techniques for Tektronix high-voltage power supplies. 
The two previous articles available are: '^Troubleshoot- 
mg Your Oscilloscope'', February TEKSCOPE: "Trou- 
bleshooting the Power Supply", April TEKSCOPE. 

The high-voltage supply is fundamental to oscilloscope/CRT 
performance. Cathode-ray tubes require DC operating volt- 
ages much higher than those provided by conventional power 
supplies. To eliminate large vacuum tubes, bulky and danger- 
ous capacitors and heavily insulated transformer windings, 
most Tektronix high-voltage power supplies use voltage multi- 
pliers to generate high voltages with a considerable savings 
in cost and space. 

By using a frequency of approximately 60 kHz instead of 60 
Hz, the required filter capacitor values are reduced by a fac- 
tor of 1000. Thus, small and relatively inexpensive disc ca- 
pacitors (0.02 -0.03 fxY) can be used instead of expensive 20- 
jxF capacitors. A class C oscillator usually develops the 40- 
60 kHz voltage that supplies the primary winding of the 
high-voltage transformer. 

Satisfactory regulation is achieved in most high-voltage sup- 
plies by controlling the amplitude of the high-frequency os- 
cillator output. It is important to remember that CRT 
circuits are very low-current circuits and, as a result, arc 
susceptible to leakage paths. 



TYPICAL HIGH-VOLTAGE PROBLEMS 

High-voltage power supply problems are usually indicated 
by one of the following CRT symptoms: 

1. No intensity on CRT display, 

2. Full intensity on CRT display. 

3. No control over intensity and/or focus of CRT display. 

4. Incorrect vertical and horizontal calibration. 

The control-grid supply is normally 100 V more negative 
than the cathode supply. If these two supplies for some 
reason decrease their bias, the high-voltage supply can draw 
sufficient current to drive it out of regulation. The intensity 
control varies the bias of the CRT. 

Most Tektronix cathode-ray tubes will cut off when the grid 
is approximately 65 V more negative than the cathode. If 
the tube is weak, you can never get down below the cutoff 
point of the tube. 

Modern general-purpose oscilloscopes may have either a 
transistorized solid-.state high-voltage supply (e.g., septupler) 
or the more common vacuum tube trippler high-voltage .sup- 
ply. Some of the more common troubleshooting symptoms 
are listed below. 

1. Inability to turn off the intensity is often caused by a 
weak rectifier diode in the control-grid supply. If vacu- 
um tube high-voltage rectifiers are u.sed, check visually 
for filament glow. All the filaments in a properly func- 
tioning supply will glow with approximately the same 
intensity. A bright glow usually indicates a weak tube. 

A control grid to cathode short in the CRT will exhibit 
similar symptoms. To check for the latter, remove the 
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socket from the CRT and note if the CRT bias changes. 
If the bias changes, then the loading is caused by the 
CRT load. The CRT filament supply should also be 
checked to insure that the problem is not caused by leak- 
age in the filament transformer. 

2. No brightness with normal intensity control settings, but 
slight intensity as the control is moved further counter 
clockwise, usually indicates a weak rectifier diode in the 
cathode supply. Similar symptoms will be present if no 
uiiblanking is being received from the time -base gener- 
ator, or in the case of a very gassy CRT. A gradual in- 
crease or decrease in intensity are symptoms of weak 
rectifier diodes in either the control grid or cathode sup- 
plies. Note: Grid and cathode vacuum rectifier diodes 
should be replaced at the same time to prevent differen- 
tial aging problems. 

3. No high voltage is commonly caused by loading (one 
or more of the secondary supplies is causing the oscilla- 
tor to not run). To pin point the problem, break the 
feedback loop by removing the error amplifier stage. In 
most high-voltage supplies this step will cause the oscil- 
lator to free run at a frequency slightly higher than 
normal. If the oscillator still does not free run, then the 
problem is probably due to loading of the transformer 
by one of the secondary loads. By lifting the anode of 
the rectifiers in the secondary supplies, these stages may 
be eliminated. (Only the most positive anode need be 
disconnected in the high-voltage anode supply.) If the 
oscillator now oscillates, it is only necessary to put back 
the supplies one at a time to find which one is causing 



the loading. For example, if this procedure led to a 
problem in the grid supply, then the next step would 
be to check for resistance measurements from the inten- 
sity control to ground. A good idea is to remove the 
CRT socket to see whether this has any effect on the 
circuit symptoms. It is possible for a short in the CRT 
or extremely gassy tube to load one of the other sup- 
plies sufficiently to affect proper oscillator action. 

Typical resistance value in the grid circuit is 4-5 MSI 
to ground. This holds true for almost any spot that 
you measure in the circuit. If the components check 
out properly, it is quite probable that the problem is in 
the high-voltage transformer and that one of the wind- 
ings has a leakage path to the core. 

Problems in the high-voltage anode supply sometimes sho^v 
up as insufficient high voltage. Check the output filter capac- 
itors and the anode coupling capacitors. Weak high-voltage 
rectifiers will also indicate insufficient high voltage. A poor 
connection at the CRT anode connector can show up as jit- 
ter in the sweep or poor regulation. Note: All solder joints 
on high-voltage chasses should have smooth surfaces. Any 
protrusions may cause high-voltage arcing, particularly at 
high altitutdes. 

Some of the more recent Tektronix oscilloscopes have a con- 
trol called the CRT bias control. This adjustment is some- 
times used as a maximum intensity control to allow the user 
to protect his CRT. When the instrument is adjusted in this 
manner and the intensity is limited, dimness problems may 
occur at the faster sweep speeds. If there is a brightness 
problem with a cathode-ray tube, check to be sure that the 
CRT-grid bias is properly set. 




Fig 1. Simplified Schematic of Typical High Voltage Power Supply. 
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Intensity modulation (blank spots or uneven trace intensity) 
is often caused by heater-to-cathode leakage in the oscillator, 
the neons in the CRT-grid circuit, or leaky coupling capaci- 
tors in the unblanking circuitry. These symptoms are often 
seen when high-voltage tubular capacitors have been replaced 
with disc capacitors. The frequency is usually about 10 kHz 
or less (related to oscillator frequency) and the problem is 
present at any sweep speed. 

CRT CONSIDERATIONS 

Gassy CRT’s may be identified by their “double-peaking” 
characteristic. When the CRT is cold, there are normally 
two very pronounced spots where the CRT turns on. As the 
intensity control is advanced CW, the trace comes on (usual- 
ly dimly), decreases in intensity and then increases somewhat 
normally to the CW extreme. Once a tube begins to display 
this characteristic, a self-destructive process has begun and 
it is only a matter of time until the tube must be changed. 
Gassy CRT’s also often exhibit poor focus and brightness 
characteristics, and static charge phenomenon. Static charge 
problems typically may be caused by dirt and if this charac- 
teristic is noted, the CRT face and cover .should be thorough- 
ly cleaned. 

A problem similar to .static charge is sometimes caused by 
the CRT-gun support rods becoming charged. This rod 
charge may sometimes be eliminated by deflecting the elec- 
tron beam completly off-screen horizontally, turning the in- 
tensity full CW and varying the position control rapidly from 
the upper extreme to the lower extreme. After a few mo- 
ments, the rod charge should be dissipated. 



NEW CONCEPTS BOOKS 



Four new concepts books are now available from your Tek- 
tronix Field Engineer. The new titles are: “Digital Con- 
cepts”; “Oscilloscope Trigger Circuits”; “Spectrum Analyzer 
Circuits”; and “Television Systems Measurements”. 

“Digital Concepts” discusses the binary number system, Boo- 
lean algebra, nand gates, nor gates, flipflops, implementing 
logic functions, implementing logic circuits using integrated 
circuits, counting circuits, counter readout circuits; “Spec- 
trum Analyzer Circuits” — components and subassemblies, 
filters, amplifiers, mixers, o.scillator and RF attenuators; 
“Oscilloscope Trigger Circuits” — trigger circuits, input trig- 
gering signals, pulse generators, delaying and delayed .sweeps 
and triggered delayed sweep; “Television Systems” — cameras, 
television tape recorders, telecine, signal .switching, transmit- 
ter, video distribution system, components of video waveform, 
measurements requirements, analysis of video transients, color 
-bar waveform analysis, multiburst test waveform and pic- 
ture-waveform analysis. 

Information Display Concepts will be of special value to 
those interested in the Tektronix Information DLspiay instru- 
ments discussed in this issue of TEKSCOPE. Material 
covered includes local computer peripherals, time sharing, 
programming, digital data transmission, computer display ter- 
minals, terminal output devices, digital-to-analog and analog- 
to-digital converters and vector and character generators, 
characteristics and specifications of direct-view bistable stor- 
age tubes and display-unit circuit design considerations. 





Dot Character Generator 

A character is generated by stepping the beam through 63 positions that 
make up a 7 x 9 dot character rectangle. When a character line is acti- 
vated the appropriate diodes in the diode memory conduct. When the 
inputs from the X and V B-to-D converters coincide with this information, 
a pulse turns on the Z axis. X and Y D-to-A converters output the appro- 
priate voltage to step through the 7 x 9 dot matrix. 
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The block diagram on page 14 is taken from page 80 of 
“Information Display Concepts” and illustrates the major 
blocks that make up a dot character generator. The char- 
acter generator used in the Tektronix Type T4002 Graphic 
Computer Terminal is of this basic configuration. 



Other titles currently available are: “Oscilloscope CRT’s”, 
2nd Edition; “Storage CRT’s and Circuits”, 2nd Edition; 
“Television Waveform Processing Circuits”; Power Supply 
Circuits”, 2nd Edition; and “Semiconductor Device Measure- 
ment Concepts”. 

Should you wish further information on Tektronix Concepts 
Books, contact your local field engineer. 




INSTRUMENTS FOR SALE 



1— Type T Plug-In Unit, SN 002323. 
Price: $125. Contact: Mr. David Luce, 
Melville Clark Associates, 8 Richard 
Road, Cochituate, Ma.ssachusetts. Tele- 
phone: (617) 655-0906. 

8 — Type 533 with Plug-Ins. 2 — Type 
533A with Plug-Ins. Excellent condi- 
tion. Sell or trade. Contact: Mr. Ralph 
Harris, Nuclear-Chicago Corporation, 
333 East Howard Avenue, Des Plaines, 
Illinois 60018. Telephone: (312) 827 
4456. 

1— Type RM41A, SN 1065 with Type 
K Plug-In Unit, SN 13424. Price: $475. 
Contact: Mr. Melvin A. Ilolznagel, 

Route 4, Box 2 73 A, Sherwood, Oregon 
97140. Telephone: (503) 625-7121. 

1— Type N Plug-In Unit, SN 00931. 
Like new. Price: $150. Contact: Cal- 
State Electronics Company, 5222 Ven- 
ice Boulevard, Los Angeles, California 
90019. Telephone: (213) 933-8187. 

1— Type RM16, SN 001029. Price: 
$450. Contact: Mr. Leon Lacabanne, 
3904 East 44th Street, Minneapolis, 
Minnesota 55406. 

1 — Type 422 with AC supply, complete 
with accessories. Less than 40 hours use. 
Price: $1200. Contact: Mr. Dave Hail- 
ey, Reece Corporation, 200 Prospect 
Street, Waltham, Ma.ssachusetts 02154. 
Telephone: (617) 894-9220. 

1 — Type 514D, SN 2561. Sell or trade 
for smaller .scope. Price: $400. Contact: 
Mr. Pfalzer, Hoover Electric Company, 



Port Columbus, Columbus, Ohio 43219. 
Telephone: (614) 235-9634. 

1 — T pe 422, wi t li A C S u pp 1 y , SN 
3551. Less than three years old, used 
less than 30 hours. Price: $1000. Con- 
tact: R. Edward Stemm, Inc., 17W480 
Lake Street, .A.ddison, Illinois 60101. 
Telephone: (312) 279-2440. 

1 — Type 5 17 A. Contact: Mr. Bruce 
Blevins, 176 Barranca Road, Los Ala- 
mos, Ne^v^ Mexico 87544. Telephone: 
(505) 668-4458. 

1— Type 545B/CA, 535A/CA, RM529, 
561 A; 1 — Type 3 A6, 3A74, 3B3; 2— 
Type 515A; 1 — Type A, B, D, H, S, R 
Plug-In Units. 1— Type TU-2 Test 
Load Plug-In Unit; 1— Type 107; 1 — 
Type 111; 1 — Type 181; 122 Amplifier. 
Contact: Mr. Posner, Pacific Combus- 
tion Engineering Company, Los An- 
geles, California. Telephone: (213) 225- 
6191. 

l^Type 526, SN 00967. Price: $1000. 
1“ — ^Type 261 Coax Switch. Price: $350. 

2 — Type 262 Programmer. Price: $695 
each. Contact: Mr. .Stewart Ex, Stewart 
Enterprises, 14827 Co h asset. Van Nuys, 
California. Telephone: (213) 873-7672 
or (213) 786-7672. 

l___Type 504, SN 001667. Price: $395, 
Contact: Mr. Jack Snow, General De- 
sign, Inc., P. O. Box 116, Melbourne, 
Florida 32901, Telephone: (305) 727- 
3191, 

1 — Type 317. Unused since recondi- 
tioning in Tektronix Service Center. 
Contact: Mr. William Wersing, Wil- 

liams Laboratories, Inc., 125 Northview 
Road, Ithaca, Nc^v York 14850. 

1 — Type 175. One year old, never used. 



Contact: Mr. Earl Stridde, Ski! Corpo- 
ration, 5033 Elston Avenue, Chicago, 
Illinois 60630. Telephone: (302) 286- 
2000 Ext. 341. 

1—Type B Plug-In Unit, SN 021854. 
Brand new condition. 1 — Type 1A7 
Differential Unit, SN 001830. Contact: 
Mr. Irv Sieger, General Resistance Di- 
vision Chronetics, Inc., 500 Nuber Ave- 
nue, Mount Vernon, New York 10550. 
Telephone: (212) 292-1500. 

1 — Type 531; 1 — Type 53/54C Plug- 
In Unit; 1 — Type 202 Scope Mobile®; 
1— lOOX, 2— lOX, I— IX Probes and 
Polarized Viewer. Good condition. 
Price: $950 complete. Telephone: (213) 
422-1942. 

1 — Type E Plug-In Unit, SN 006618. 
Price: $120. Contact: Mr, Bob Good- 
man, Clark-Dunbar Company, 325 
Jackson Street, Alexandria, Louisiana 
71301. Telephone: (318) 443-7306, 



INSTRUMENTS WANTED 



Oscilloscope for personal research. Rea- 
sonable price. Prefer Plug-In versatil- 
ity. Contact: Mr. C. S. Levine, 1002 
Campbell Avenue, West Haven, Con- 
necticut 06516. Telephone: (203) 934- 
6287. 

1 — Type Cl 2 or C27 Camera. Contact: 
Mr. Bob Goodman, Clark-Dunbar Com- 
pany, 325 Jackson Street, Alexandria, 
Louisiana 71301. Telephone: (318) 443- 
7306. 

Usable Type 519 DC-to-1 GHz Oscillo- 
scope. Contact: Professor Edward M. 
Eyring, Department of Chemistry, Uni- 
versity of Utah, Salt Lake City, Utah 
84112. 
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DEVELOPING AN “INFORMATION AGE” TECHNOLOGY 



THE BEGINNING .... Bob Anderson, inventor of the first simplified bistable, direct-view storage tube. 



The art of inventing is a fusion of the imaginative and the 
practical. 

The first step is in the realm of the practical, and typically 
consists of the identification of a specific and worthwhile 
need. This identification may come directly out of prob- 
lems which are well recognized in existing devices, or may 
come out of the recognition of a previously unvoiced need. 

The second step is in the realm of the imaginative, and con- 
sists of dreaming new dreams of better ways to reach the 
objective. At this stage, the untried uncertain conjecture is 
often the precursor of invention, for you cannot be truly 
new by building entirely on old and certain knowledge. 
There is no compromise with finished history — you either 
have something which differs from past knowledge, or you 
have no invention. 

The third stage is again in the realm of the practical, and 
consists of experimental selection, verification and extension 
of the new concepts, and then the implementation through 
development, design, production and sales, which will in- 
volve many essential contributors besides the inventor. 

All of these steps are equally important in the sense that, 
like the serial links of a chain, none can be omitted and 
still bridge the gap from “conception to contraption”. How- 
ever, the truly new idea is one of the more scarce commodi- 
ties, The man who says “ideas are cheap” identifies himself 
as one who is not making his living and his career out of his 
ability to conceive new ideas. For the career inventor who 
takes the consequences of the ideas which fail, good ideas 
are crucial, scarce and most expensive — not cheap. 



To the beginning inventor, 

I would offer these com- I 

ments. Cultivate a deliber- i 

ate sensitivity to problems, 

leading you to form a large 

and explicit backlog of un- / 

filled needs. Then, think 

deeply about how you will 

select problems from this 

reservoir for your most in- 

tensive efforts^ You will need 

ones, since you will succeed 1 

so seldom. Do not scorn the 
imaginative, but be proud of 

your dreams, since they are '• 

at the source of creativity. 

Do not hesitate to use your 4. 

own personal aids to the im- m 

aginative process, such as conjectural “bull sessions”, graphic 
aids to visualization and information gathering activities. 
Do not be dismayed at those who persistently and critically 
ask why you need these procedures, for they are not equipped 
to understand your answer. 

Be encouraged when an expert tells you that your concept 
is unworkable (if his reasons are vague), because he is really 
telling you that the novelty of your concept has taken him 
by surprise, and you are getting close to an answer. 

Success often comes soon after such predictions of failure. 



THE FUTURE . . . . C. Norman Winningstad, Information Display Manager. 






Today, the general popula- 
tion still has little contact 
with the computer. Al- 
though many paychecks and 
bills are computer prepared 
and processed, there is little 
direct contact between man 
and machine. Even engi- 
neers and scientists usually 
interface the computer 
through a stack of cards or 
a programmer. 



times have you had to wade 
through the pages of the weekly printout, vainly searching 
for what you want? If computer information was quickly 
and easily accessible, man could enter the “Information Age”. 

The remote computer terminal allows entry into the Infor- 
mation Age. Bring the information to the man! At Tek- 
tronix, we believe we have an excellent solution. Since one 
picture is worth 10,000 words, we are proposing graphic 
computer terminals rather than just alphanumeric terminals. 
We did not invent the idea of graphics, but Anderson’s in- 



vention led us to a practical, economic solution to graphics. 
We feel we are performing a “pump priming” operation. 

There is little now in existence in operational information 
systems for several reasons. Software, compatible communi- 
cations language and terminals all need to evolve further. 
Now that the key item of reasonable-cost terminals is here, 
the others will follow quickly. Software development is pro- 
ceeding rapidly, especially among the time-sharing services. 
The ASCII code is close to a universal language. 

The main point here is compatible business procedures. Let’s 
not use business in the broad sense of purposeful human 
activity, but confine it to the communication of information. 
Accountants, for example, are used to scanning columns of 
figures, and develop the skill of reading trends from num- 
bers. They would prefer to express the numbers graphically, 
but until recently, it was not economically feasible to obtain 
graphical results. Almost everyone today operates his busi- 
ness in alphanumerics simply because typewriters, teletypes 
and computer printers cannot do graphics and humans take 
too long to generate a graph. Wouldn’t you like to have a 
PERT chart available to you, up-to-date on a daily basis 
for your individual projects? Or any Standard and Poor’s 
stock performance chart updated daily? 

Low-cost graphics, and the availability of mass data bases 
will fundamentally change the way we do business. From 
education to medicine, from engineering to housekeeping — 
nothing will ever be the same. 

We are proud to be among the pump primers! 




measuring 

return/ 

/loss 



Return-(oss measurements are a powerful tool 
for quickly indicating the extent of an 
impedance mismatch or a discontinuity in a 
video transmission system. The use of a 1-mV, 
DC-10 MHz differential preamplifier as an error 
detector allows direct observation of system 
performance over the complete video bandv\/idth. 

Return-loss techniques accomplish basically 
two types of measurements. The simplest is the 
verification of the performance specifications 
of instrumentation. 

The second area of interest for return-loss 
measurements is looking into long cable systems 
that may have a number of monitors, distribution 
amplifiers, etc,, bridging the line. Return- 
loss can give the user a good measurement of the 
degradation contributed by each component of 
the video transmission system, including coaxial 
cable condition, 

a result, with proper test signals applied, 
return-loss measurements provide indications 
closely related to picture impairment. 



COVER The Tektronix Return-Loss Bridge con- 
sists of a basic 75-9. Wheatstone Bridge with a 
1-mV, 10-MHz Type 1A5 differential amplifier nuil 
detector. See story on page 2. 
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At left: Charles Rhodes, Program Manager of Television, 
Low Frequency, and Medical Instrument Engineering, meas- 
ures return loss. 



Modem color TV broadcasting studios rec^uire that a 
number of monitors, processing amplifiers, distribution 
amplifiers, Vl'R’s, oscilloscopes, and other ecpiipment 
all be driven by a signal passing down a relatively long 
length of coaxial transmission line. In some cases, since 
the signal may pass several times through the same type 
of amplifier, a large cumulative error can result if the 
amplifier provides an incorrect source or load imped- 
ance to any frequency component of the video signal. 

When coaxial transmission lines feed a number of dif- 
ferent instruments, the method of making connections 
is important. For this reason, a loop-through technique 
is often used since transmission of wide-band video sig- 
nals must be on constant impedance transmission lines. 
The impedance characteristic of the cable is critical to 
transmission quality and shielding requirements dictate 
that coaxial cables be used. If the input impedance, 
coaxial conncctoi's and cable used within each instru- 
ment were perfect, no measurable effect upon the trans- 
mission would occur. Unfoitunately these parameters 
arc not perfect so a figure of merit of the quality of 
video transmission systems is important. 



Looping a signal through an instrument means a portion 
of the transmission path the signal traverses is now with- 
in the instrument. Therefore, it is necessary to know 
what effect this additional signal path contributes to the 
overall video system. Because a connection must be 
made to the center conductor, an incorrect impedance 
can cause a mismatch and cause energy to be reflected. 
Ideally, the termination should be an impedance exactly 
equal to the characteristic impedance of the line to pre- 
vent reflections and match the two impedances in mag- 
nitude and phase. 

If the two impedances are not matched, standing waves 
on the line produce erroneous voltage or current read- 
ings. Fig 1 illustrates a case where a camera is located 
100 feet from a monitoring point. The coaxial cable 
runs from the camera, loops through the monitoring 
point and is terminated at the transmitter. If the trans- 
mission line is not perfectly impedance matched at 
the receiving end, energy will be reflected back. The 
monitoring point will observe the instantaneous sum 
of the camera signal and the signal reflected from the 
termination. Therefore, the signal measured at the 
monitoring point may differ considerably from the sig- 
nal measured at the termination. As an exaggerated 
example, suppose an oscilloscope were displaying the 
signal at a point of minimum voltage™-a minimum 
caused by relatively high standing wave ratio on the 
line. A second oscilloscope located 46 feet (% wave- 
length at 3.58 MHz) from the first will observe a dras- 
tically different display. 

A typical transmission segment might consist of the 
connectors and cable (including loop- through facilities) 
connecting two active elements. The last point in the 
segment is the termination resistance into which the 
energy is delivered. Since the line effectively ends when 
a signal encounters the input impedance of an active 
element, information cannot be obtained beyond that 
point. Thus, a television transmission system is meas- 
ured segment by segment. Return loss measures the 
amplitude and phase of the reflections developed from 
impedance discontinuities. Reflections can occur whether 
the discontinuity is in the line itself or caused by an in- 
strument bridging the line. 



Fig 1, The oscilloscope views the instantaneous sum of the incident and reflected signal. 
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TEKTRONIX RETURN-LOSS BRIDGE 



For many years the effects of an impedance mismatch 
have been discussed in terms involving reflection co- 
efficient (p)j a standing-wave ratio (SWR), character- 
istic impedance of the transmission line (Zq), and ter- 
mination impedance (Zi). 

Transmission line theory develops the concept of a “re- 
flection loss” which is derived from the reciprocal of the 
coefficient. 

Reflected Voltage 

p = r 

Incident Voltage 

Reflections are created because of impedance mismatch. 
Therefore, the reflection coefficient may also be ex- 
pressed in terms of characteristic impedance and ter- 
mination impedance. 

Reflected Voltage Zt — Z« 

^ Incident Voltage Zt + Z« 

In the past few years, European and Australian TV en- 
gineers have referred to the term “return loss” (reflec- 
tion loss) . Return loss is being used by Tektronix and 
other manufacturers of video equipment to specify the 
performance characteristics of inputs and outputs of 75- 
Q TV equipment. By definition, “return loss” is 20 logio 
of the reciprocal of the reflection coefficient. 

Zt + Z<. (Incident Voltage) 

Return loss, dB ^ 20 logio ^ — - 

Zt — Z-> (Reflected Voltage) 

Note that an open and short circuit will both produce a 
return loss of 0 dB, while a perfect impedance match re- 
sults in a return loss of oo dB. 




Fig 2. An incorrect termination impedance causes a rejec- 
tion whose amplitude is proportional to the size of the mis- 
match. 



The Tektronix Return-Lo.ss Bridge consists of a simple 
Wheatstone Bridge with three fixed 75-0 resistors and 
two removable 75-0 resistive terminations mounted on 
matched cables. The capacitor across the center of the 
bridge permits balancing of stray capacitance from the 
bridge arms to ground. This configuration offers a 
matched load to both the signal generator and the re- 
flected wave from the unknown impedance. The test 
signal is applied to the top of the bridge (one side is 
grounded to allow single -ended testing) , and the error 
signal is measured across the output terminals. The 
rugged passive components are mounted in a compact 
housing for attachment to the Type 1A5 Differential 
Unit. 

The error signal is processed by the Type 1A5 Differen- 
tial Unit which acts as a balanced detector. This unit, 
when used with the Tektronix Return-Loss Bridge pro- 
vides DC- 10 MHz performance at 1-mV deflection fac- 
tor. This preamplifier, which works into any of the 
Tektronix Type 530, 540, 550 and 580* Series Oscillo- 
scopes, is the heart of the measuring system. 

The Tektronix Return-Loss System is specified at —54 
dB over the full 10 MHz bandwidth of the system. Since 
46 dB is equivalent to an impedance discontinuity of less 
than 0.5%, the bridge provides more resolution than is 
usually required. 

Use of the Tektronix Return-Loss Bridge is quite simple. 
Once the bridge is balanced, the UNKNOWN termina- 
tion is removed and the cable is applied to the device 
under test. If the device employs a loop- through input, 
the UNKNOWN termination should be used to termi- 
nate the device. The oscilloscope deflection thus ob- 
tained is a measure of the amplitude and phase of the 
reflected signal. The amplitude describes the severity of 
discontinuity (return loss) and the phase indicates the 
nature of the reactance. 

Amplifier input impedances sometimes change depend- 
ing- whether the power is on or off. When a part of the 
termination impedance of an amplifier is the input im- 
pedance (as is often the case) then the input impedance 
of the amplifier will probably vary with power on or off. 
Thus, equipment must be checked under power-on and 
power-off conditions. This is particularly important 
with semiconductor equipment. 

Return- loss measurements are also convenient for meas- 
uring output impedance. It is only necessary to connect 
the unknown arm of the bridge, and the output imped- 

^'Tequires Type 81 A Adaptor. 
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OUTPUT TO TYPE 1A5 PLUG-IN UNIT 




ance may be compared against the bridge reference re- 
sistor. This allows quick determination of incorrect out- 
put impedance at some frequency in the video band. By 
checking both the input impedance and output imped- 
ance of video distribution amplifiers^ additional infor- 
mation is obtained about the video transmission system. 

Many users will prefer to use a swept frequency oscil- 
lator to check their systems and will check each frequen- 
cy in which they are interested. The only problem with 
this approach is that correlation of frequency informa- 
tion to picture impairment is difficult. Steady-state per- 
formance is not easily related to picture impairment. 
Although all the amplitude information is present, no 
phase information is available. Unless the amplitude 
frequency characteristic and the group envelope delay 
characteristic of the sytem are both known, time-domain 
testing with pulses is required for the additional phase 
information. In time-domain testing, it is possible to re- 
late a picture impairment to the measured return loss. 
In sinewave testing, there is little relation between test 
results and picture impairment. 



PICTURE IMPAIRMENT DISTORTIONS 



TV distortion problems may be conveniently catego- 
rized into three broad time domains: field-time distor- 
tion, line- time distortion, and short-time distortion. 

Fi(dd-li?ne distortion may be observed using a square 
wave at the field frequency, i.e., 50-60 Hz. The frequen- 
cy range of this distortion is limited to a few hundred 
hertz since at that point the energy content is small and 
lost in the noise. Included in this test range are the 
simple ohmic discontinuities, AC-coupling networks, DC 
impedance matches of long pieces of cable and termina- 
tion resistors. Field- time distortions are indicated by a 
non-uniform brightness at the top or bottom of the 
screen. 

Line-time distortions are the most easily visible pic- 
ture impairments. Distortions that occur at 15-500 kHz 
rate and that appear across a line, show up as very ap- 
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Fig 3. Common line-time distortions. An overshoot or under- 
shoot of less than 0.5% is apparent to an observer viewing 
a monitor. 



parent streaks or smears. As little as 0.5% tilt in a 15 kHz 
luminance signal can be easily seen by anyone looking at 
their receiver from across the room, (see Fig 3.) 

Coaxial cables have significant losses in this frequency 
band so the video signal is generally degraded at this 
point. Transmission line losses, then, show up as a smear 
in the picture. 

Short-time distortions may be considered as those dis- 
tortions that occur in the last octave of frequency 
re.sponse of the video channel (approx 2-4 MHz) . 
Overshoot, ringing, and rounded vertical transistions re- 
sult in a soft-looking picture lacking sharp definition. 
This distortion is all controlled by the phase and fre- 
quency response between 2-4 MHz. A fast rise square- 
wave pulse at 15 kHz may be used, but it is usually more 
convenient to use a pulse source in which the amount of 
energy between 2-4 MHz is large compared to the sys- 
tem noise (e.g. sin- pulse) . Thus, a high rep rate signal 
is appropriate since you are only looking at the few 
hundred nano seconds around transient occurrence. 



A transmission system should be tested as close to its 
operating voltage level as possible. A defective input 
amplifier may have very good return loss with a 50-mV 
input, but have poor performance at 1 V. If, for exam- 
ple, there is very low collector voltage on an input emit- 
ter follower, the collector- to-base junction could be 
driven into the forward bias region with a large signal. 
Or, overdriving an operational amplifier changes return 
loss drastically. Since the reason a system is being 
checked is to detect possible problems, test the system in 
such a manner as to most closely simulate actual operat- 
ing conditions. 

One of the major strengths of return-loss techniques is 
that the system is not being over tested. The bridge is ex- 
cited only with those test signals which, when distorted, 
result in picture impairments. It does not shock-excite 
the system by applying frequencies that are of no inter- 
est. It basically monitors the reflected energy that is not 
absorbed in the load as it should be. Although the bridge 
tells the exact nature of the impedance discontinuity, 
it gives no time information as to where, physically, the 
fault lies. 

One of the inherent advantages of a return-loss bridge 
is that standard television test signals may be used as a 
source. Thus, sine-squared, pulse and bar window, 
multiburst and color-bar generators all serve to provide 
information across the video system. In addition, sine- 
wave oscillators, swept frequency oscillators and square- 
wave oscillators may all be used as sources. By choosing 
the proper signals, the impedance characteristics may be 
specified across the complete video bandwidth. Note: 
The return loss specified on Tektronix instruments is 
always the worst return loss of any portion of the band. 




Fig. 1. Upper — T and 20T sin^ pulse and bar input: 0.5 V /cm. Center — Differential display: 1 mV /cm. Note that the 
t=^54dB return loss of the bar (line time) is less than that of the — 48 dS pulses (short time). Z, is > Zo and 1/500 
mismatched or c=^75.2it. Lower — T pulse magnified and repositioned. The initial negative portion indicates a shunt 
C condition. Fig. 2. Upper — Differential display of subcarrier: 1 mV /cm. Lower — Single ended display of reference 
input: 0.2 V /cm. The return loss is 45 dB (0.56/0.003). By externally triggering, the upper signal is shown to be lag- 
ging 90® indicating a shunt C situation (leading 90% would indicate series L). Fig. 3. Upper — Return loss of a TV 
monitor with switchable termination in 75-U position (c=^48 dB). Lower — Return loss increases substantially when re- 
versing IN and OUT connections (c=^39 dB). Both displays:1 mV/cm. 
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TEKTRONIX INSTRUMENTS WITH RETURN-LOSS SPECIFICATIONS 



An excellent source for return-loss measurements is a 
Pulse and Bar Window Generator. This pulse source 
contains sufficient information to check for all three 
categories of distortions. Pulse and Bar Window Gen- 
erators have large energy components at field-frequency, 
line frequency, and band edge (short-time distortion) 
all at the same time. 

Another source that works well for return-loss testing is 
a sine-squared pulse of T to 2T. The T pulse has zero 
frequency respon.se at 8 MHz with 0.5 energy at 4 MHz 
while the 2T pulse has frequency response points at 4 
MHz and 2 MHz respectively. As a result, these sources 
are ideal for short-time distortion testing. Sin- pulse and 
bar testing is uselul for checking line-time distortion 
since the sin- bar signal will not ring in a properly tuned 
system (when used for line distortion testing, the leading- 
edge is neglected). An auxiliary 50 or 60 liertz square 
wave should be used for field-time distortion checks. 

A color-bar generator (e.g., Tektronix Type 140 NTSC 
and Type 141 PAL Test Signal Generators) provides a 
good signal for return-loss checking. The white refer- 
ence pulse of 6-7 microseconds duration gives a good in- 
dication of line-time distortions. The large amount of 



energy at the color subcarrier frequencies provide infor- 
mation on short-time distortions. In addition, the split- 
lie Id signal of the Type 140 gives a fair indication of 
field-time distortion. 

Sine-wave generators are also useful with a return-loss 
bridge. One of the virtues of a .sine-wave generator is 
that a great deal of energy may be generated at a single 
frequency. In the ca.se where it is necessary to override 
a large adjacent radio transmitter source, a return-loss 
bridge could be used. By decreasing bridge sensitivity 
and raising the level of input source, the strong noise 
source can effectively be “overpowereePk This tech- 
nique is quite difficult with sin- generators or color-bar 
generators, since it calls for a much larger than normal 
amplitude. 

Return-loss measurements provide the video transmis- 
sion line user with an accurate measure of reflections 
due to impedance discontinuities. By choosing the prop- 
er signal source, impedance characteristics may be meas- 
ured aci’oss the complete video bandwidth. 

For reference cotrsult: (1) E. Friedman and F. Davidoff, 

“The Video Return-Lo.ss Bridge” J. SMPTE, Aug. '68. (2) 

F. Davidoff, “Status Report on Video Standards” IeEE Video 
Signal Transmission Subcommittee 2.1.4, June ’69. 
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Cross-sect/on diagram of a typical coiled electrode sintered 
plate cylindical cell. 



The widespread use of rechargeable cells in electronic 
instrumentation provides a new accessibility hi the use 
of modern instruments. This article points out some 
parameters of concern to the battery-powered instru- 
ment user. 

The following explanation applies specifically to the 
sealed ''C and ''D'' Nickel-Cadmium {NiCd) cells 
used by Tektronix to power the Types 321A, 323, 410 
and 422 Mod 125B. For the purposes of this review, a 
'TatteryT consists of one or more cells. 



BASIC PRINCIPLES 



Nickel hydroxide is the active material of the positive 
plates in nickel-cadmium batteries. Cadmium is the ac- 
tive material of the negative plates^ and the electrolyte 
is usually a water solution of potassium hydroxide or so- 
dium hydroxide. The use of an alkaline electrolyte 
allows use of a nickel screen or a sintered nickel plate 
to retain the active materials. This type construc- 
tion reduces the corrosion of the electrode structure by 
the alkaline electrolyte to an extremely low rate and con- 
tributes to the long life associated with NiCd cells. The 
drawing illustrates the construction of a typical nickel- 
cadmium cell. 



SEALED VS UNSEALED CELLS 



The major differences between sealed and unsealed 
NiCd cells are that sealed cells use a minimum amount 
of electrolyte and a gas permeable separator, while un- 
sealed cells use an excessive amount of electrolyte and a 
separator material that is nonpermeable to gas. 

Oxygen generated in sealed cells during overcharge (see 
section on OVERCHARGE) is recombined and causes 



8 





CHARGE CAPACITY AND EFFICIENCY 



heat dissipation at the end of the charge cycle. In un- 
sealed cells, oxygen is liberated without generating heat. 

Sealed NiCd cells need little maintenance, are efficient 
at high discharge rates, accept long-term overcharging 
and operate in any position over a relatively wide tem- 
perature range. For these reasons, all Tektronix port- 
able oscilloscopes use sealed NiCd cells. All following 
information pertains to sealed cells only. 



The energy rating of cells and batteries is usually speci- 
fied in Ampere Hours (Ah) . Energy ratings of the “C” 
and “D” size NiCd cells currently in Tektronix instru- 
ments are specified at 1.5 or 1.8 and 4.0 Ah respective- 
ly. Actual Ah capacity of new cells can be as much as 
30% gi'eater than the specified value. This fact should 
be allowed for when considering charge times. 

Charge efficiency is defined as the ratio of the recover- 
able charge to the original charge expressed as a percent- 
age. It is normally close to 100% except at the end of the 
charge cycle when oxygen is liberated. An exact effi- 
ciency is not usually specified because of self-discharge. 
To allow for both charge efficiency and self-discharge, 
recharge Ah must be 120 to 130% of the charge capacity. 



SELF-DISCHARGE 




DC-powered Oscilloscopes manufactured by Tektronix which 
use NICd sealed cells. Pictured are the Type 321 A (DC 6- 
MHz), Type 410 Physiological Monitor, Type 323 (DC 4-MHz) 
and Type 422 Mod 125B (DC 15-MHz). 



Self-discharge occurs continuously whenever a cell has 
remaining charge. The major factors contributing to 
self-discharge rate are temperature, material impurities 
and the state of charge. At 45 °C, self- discharge can be 
5 times greater than at room temperature and as much 
as 15 times greater at 60°C. Immediately after charg- 
ing is completed, self-discharge starts to reduce the stor- 
ed energy. A fully charged NiCd cell may lose 10 
to 15% of capacity within the first 24 hours. After the 
initially high energy loss, the rate decreases to less than 1 
per cent per day or 10 to 15% per month. Thus, when 
maximum operating time is required, the batteries 
should be charged until immediately before use. Once 
full charge is reached, the battery may be maintained at 
full charge by trickle charging to offset self -discharge. 



CHARGE RATE 



In most Tektronix instruments, the sealed nickel-cad- 
mium cells are charged with constant current at a C/10 
rate. (1.5 Ah cells are currently being introduced which 
will recharge at C/6.) A C/10 charge rate means the 
charging current is one- tenth of the Ah rating. 

EXAMPLE: If C = cell capacity in Ah and 10 = 
number of hours for full discharge, 
then for a 4.0 Ah cell, C/10 rate is 
4.0 Ah 

= 400 mA. 

10 H 



9 



A specific charge rate for each celi type is adopted 
because it is typically the maximum recommended rate 
at which that cell type can be overcharged without dam- 
age or significant reduction in cycle life. 



CHARGE TIME 



To take account of charge efficiency it is recommended 
that 120 to 130% of the charge capacity be inserted to in- 
sure a full charge. At the G/10 rate^ this implies charg- 
ing for 12 to 13 hours to reach the specified Ah capac- 
ity. (14 to 16 hours takes account of the possibility 
that a new cell will have more than the rated Ah 
capacity.) 





RATED Ah 


HIGH Ah 


120% 


130% 


140% 


160% 


c/10 


12 hrs 


13 hrs 


14 hrs 


16 hrs 


c /6 


7.2 hrs 


7.8 hrs 


8.4 hrs 


9.6 hrs 



OVERCHARGE 



Overcharging is the technique of deliberately applying 
more than 100% rated charge to the cells, and is the 
best way to bring cells to a balanced state of charge. 

Because oxygen is evolved from the positive nickel plate 
during overcharge, it is mandatory to the design of the 
sealed cell, that capacity to absorb oxygen be provided. 
If the overcharge rate is not too large, i.e., C/10, an 
equilibrium condition is reached such that oxygen is re- 
combined to form cadmium hydroxide at one plate as 
fast as it is being liberated at the other. In fact, both 
plates are provided with capacity to absorb oxygen. 



since during reverse charge, oxygen is liberated at the 
opposite plate. Overcharge energy is dissipated as heat 
and there is a tendency to dry out the cell electrolyte if 
overcharge is continued for long periods. Electrolyte 
loss will proportionally reduce cell life. All cells approv- 
ed for use in Tektronix instruments will tolerate ovei'- 
charging for an accumulated total of several weeks dur- 
ing their lifetime without this factor being the major 
cause of cell end-of-life. 

When a number of cells are operated in series, charge 
imbalance occurs. To reduce the possibility of one or 
more cells going into reverse charge towards the end of 
the discharge cycle, charge balancing is recommended. 
The recommended method of charge balancing is to 
deliberately charge for a longer period of time than is 
necessary to reach maximum Ah rating. In other words, 
overcharge the battery. Balancing is recommended 
once a month or every 15 charge/ discharge cycles 
by charging for about 50% longer than the normally rec- 
ommended time. 



TRICKLE CHARGE 



When trickle charge techniques are attempted to take 
a discharged battery up to full charge, most of the ener- 
gy is spent combating self-discharge. Therefore, trickle 
charging for a time that calculations suggest would re- 
sult in full charge, may only raise the charge to 30 or 
40% of its maximum value. Thus, trickle charging can- 
not fully charge batteries, but does provide a useful 
method of maintaining full charge. 

When battery operation is not required for several days 
or weeks and the battery is fully charged, trickle charge 
makes up the energy lost through self-discharge and 
and maintains the battery in a fully-charged condition. 



DISCHARGE 



Operating time is a function of the load current repre- 
sented by the instrument, the actual Ah capacity of the 
battery, the operating temperature and the depth of the 
discharge chosen. All Tektronix instruments provide an 
indication when these endpoint voltages are reached, 
(e.g., front-panel warning light or battery condition in- 
dicator.) Cautio7i: It is hnportant that operation be 
terminated within 15 minutes of the time when the end- 
point voltage is reached to avoid possible dmyiage to the 
cells. Discharging below end point voltage is a major 
cause of cell damage, particularly when considered to- 
gether with charge imbalance. 
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REVERSE CHARGE 



Reverse charging occurs when a low cell in a series is 
discharged beyond the point where it reaches 0.0 V. 
From this point the remaining cells in the series supply 
charge current to the low cell, but with reversed 
polarity. 

A certain rate of reverse charge is not damaging to a 
cell, but at higher rates, undesirable consequences oc- 
cur. A battery passes through three stages in I'e verse 
charge. First, it will exhibit a 0.2 V barrier potential 
for a considerable charge. Second, it will rise to 0.7 V 
when hydrogen and oxygen begin to evolve without 
combining within the cell, so that the internal pressure 
increases. Third, it will come to full reverse charge with 
considerable hydrogen being evolved and with a poten- 
tial as high as 1.5 V. At this stage the relief valve may- 
vent, releasing gas and some electrolyte. The relief 
valves on some of the cells we use vent at six atmos- 
pheres (100 psi) and do not reseal. 

Ability to exceed the reverse barrier potentials is a func- 
tion of reverse current. At C/20, no damage is likely. 
At C/10, there is perhaps a 1% chance of exceeding the 
first barrier potential. At C/5 and above, however, 
damage is likely. Some types of cells that have vented 
can be detected by a white deposit around the relief 
valve. 



VOLTAGE CHARACTERISTICS 



The best means of currently determining the condition 
of cells is to measure their individual voltages accurate- 
ly. Because the no-load voltages can be misleading, 
voltages should be measured while operating tlie instru- 
ment. First, establish that no cells are short circuit 
(zero) by measuring the individual cell voltages. Then, 
check that the charge current is correct for that instru- 
ment. Next, overcharge the battery by charging for ap- 
proximately 24 hours. Individual cell voltages should 
be measured again on load after operating the instru- 
ment for one hour. Any cell differing by more than 50 
mV from the majority is suspect and should be exam- 
ined and perhaps replaced. Whenever a cell is replac- 
ed, the battery must be overcharged to balance the 
capacity. 




0 1 2 3 4 5 



TIME IN HOURS 

Typical voltage characteristic for a single ceil discharged 
af a C/5 rate. Normal operation usually Ties within the band. 



BATTERY LIFE 



In Tektronix instruments, terminating discharge be- 
tween 1.04 and 1.19 V/cell, (90% discharge) , 500 to 600 
charge/ discharge cycles can be expected before “end of 
life”. End of life is defined to be when the recoverable 
Ah capacity has fallen to 80% of the specified value. 
This does not mean that the cell is unusable after this 
time. 

A cell can be stored in either a charged or uncharged 
condition for extended periods of time. At room 
temperature, a cell w-ould be expected to have a shelf life 
of three to five years, although a cell which has been 
stored for this length of time could not be expected to 
exhibit maximum cycle life. 

In the event of a catastrophic failure of one cell in a 
relatively new battery, there is no reason why the single 
cell should not be replaced, providing the recommend- 
ed charge balancing procedure is carried out after in- 
stallation of the new cell. 

The older the cells are, the less justification there is in 
replacing individual cells because the resulting pack is 
no better than the worst remaining cell. Bearing in 
mind the age of the cells and what proportion are de- 
fective, a logical decision can be made as to whether 
individual cells or the whole battery should be changed. 

Users need not be concerned about the differences in 
charge state between the battery and the new cell if the 
repaired battery is charged for a period of time that will 
bring the weakest cell to full capacity. 
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TROUBLESHOOTING THE TRIGGER CIRCUITS 



By Charles Phillips 

Product Service Technician, Factory Service Center 

This fourth article in a series discusses troubleshooting 
techniques in the trigger circuits of Tektronix instru- 
ments, For copies of the preceding three TEKSCOPE 
articles, please contact your local field engineer. 

For effective troubleshooting, examine the simple possibilities 
before proceeding with extensive troubleshooting. The fol- 
lowing list provides a logical sequence to follow while trouble- 
shooting trigger circuitry: 

1. Observe CRT display characteristics. 

2. Check control settings. 

3. Isolate trouble to block. 

4. Thorough visual check. 

5. Check voltages and waveform. 

6. Check individual components. 

Tektronix trigger circuits are designed to respond to a wide 
variety of input signals. Since many of these input signals are 
unsuitable as sweep-initiating triggers, signals are first applied 
to a trigger circuit where they are converted to pulses of uni- 
form amplitude and shape. Thus, regardless of the input sig- 
nal configuration, it is possible to start the sweep with a pulse 
that has constant amplitude and risetime. The trigger circuit- 
ry allows the operator to start the sweep on either slope of the 
waveform, select any voltage level on the rising or falling- 
slope of that waveform, and filter out selected frequencies of 



the input signal for greater ease and repeatability in trig- 
gering. 

The triggering of the general purpose oscilloscope may be 
broken down into five basic parts: (1) vertical amplifier trig- 

ger pickoff circuitry, (2) input coupling circuitry, (3) input 
amplifier, (4) trigger pulse generator, and (5) automatic 
triggering circuitry. 

The trigger pickoff circuitry acts as a buffer to keep trigger 
circuitry from changing the operation of the vertical ampli- 
fier, yet pa.ss the amplified vertical signal to the trigger circuit 
with minimum distortion. Input coupling circuitry allows se- 
lection or rejection of various frequency components of the 
triigger signal. The input amplifier provides gain to assure 
the trigger pulse generator of sufficient input for proper cir- 
cuit operation. The automatic triggering circuitry used in 
older Tektronix instruments eliminated control of coupling 
and level and provided a baseline in absence of signal at a 50- 
hertz rate. The automatic triggering used in the more recent 
Tektronix instruments provides all normal trigger functions 
as wcW as a bright baseline in the absence of a trigger signal. 

Although trigger circuits vary in their complexity and sophis- 
tication, the essentials are the same in all instruments. Nearly 
all Tektronix trigger circuits use a Schmitt Multivibrator for 
the trigger pulse generator. Most trigger circuits incorporate 
a trigger sensitivity control to permit adjustment of the min- 
imum size signal to which the circuit can respond. Fig 1 illus- 
trates simplified block diagrams for vacuum-tube circuits and 
solid-state circuits. Individual trigger circuits vary but all cir- 
cuits make u.se of some of the basic functions listed below. 
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CONTROLS AND ADJUSTMENTS 






Front-panel controls used in conjunction with the internal 
controls are typically: 

1. SLOPE (+, -) 

2. COUPLING (AG, AG LF REJ, AG HF REJ, DG) 

3. SOURCE (INTERNAL, EXTERNAL, LINE and 
PLUG-IN or CH 1) 

4. TRIGGER LEVEL 

5. MODE (NORM, AUTO, SINGLE SWEEP) 

6. STABILITY 

The basic internal adjustments of a modern oscilloscope are 
the following: 

1. Trigger level centering adjust — controls trigger circuit 
symmetry to enable all coupling modes to work prop- 
erly with the slope switch. 

2. Internal trigger DC level adjust — allows the center of the 
LEVEL control to be set exactly to 0 volts in the DC 
mode. 

3. Trigger sensitivity — controls the minimum signal re- 
sponse — minimum sensitivity limited by noise. 

When troubleshooting trigger problems, a few simple steps 
can often determine which stage of the trigger is at fault. 
Checking operation of trigger circuit in different sources, 
modes, slopes, and coupling positions will often isolate a prob- 
lem. Observing the effect of the stability and level controls 
gives additional information. In checking trigger circuits, al- 
ways be sure that sufficient signal is being applied to obtain 
a large observable deflection, (i^l cm) 

Varying the trigger SOURCE switch between INTERNAL 
and EXTERNAL triggering checks the trigger pickoff circuit- 
ry. Comparing operation in different trigger inodes can usu- 
ally localize a problem to a specific trigger stage (e.g., noting 
a difference in operation of the trigger circuit in AUTO or 
NORM may suggest the faulty stage). 




Typical Oscilloscope Triggering Controls 



Once the problem has been traced to a specific block, a close 
visual check may pinpoint the problem. Substituting tubes or 
transistors offers a quick means of checking a suspected stage. 
Always return the original component to its place if the prob- 
lem remains. 

When troubleshooting a new trigger circuit, take some time 
to familiarize yourself with the block diagram and schematics. 
Spending a few minutes with the instrument manual can give 
valuable insight into the particular problem. 

TRIGGER OPERATION 

A simple, convenient general method to check proper trig- 
ger circuit operation is to apply a calibrator signal to the os- 
cilloscope. Using the INTERNAL trigger source, adjust the 
controls and vertically center at least 1 cm of calibrator signal 
on the CRT display. Set the triggering LEVEL control to 
zero and place the coupling control in the AC LF REJECT 
position (called AC-FAST on some oscilloscopes). This is 
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Fig 2. The sensitivity adjust determines the minimum circuit 
response (in mV). The trigger level centering assures proper 
slope and level operation in all coupling modes. 



typically the most difficult position in which to make trigger 
adjustments. If the circuit functions properly in this position, 
you can be assured that the circuitry is good. Set the sweep 
speed for the appropriate speed to observe 5-10 cycles of the 
square wave signal. Preset the trigger sensitivity (if there is 
one) to midrange. Note; If the instrument has a STABIL- 
ITY control, adjust the control until the trace free runs and 
then backoff the adjustment 10-15°. 

Adjust the trigger level centering for proper switching as the 
slope switch is switched from + to — . Decrease the signal 
amplitude slowly, continually adjusting the trigger level cen- 
tering control, until switching occurs while changing PO- 
LARITY. If a problem develops, try changing the tubes or 
transistors in the comparator and the trigger generator or 
pulse generator stages. Continue this procedure until the sig- 
nal amplitude is decreased to 4 or 5 mm. 

Next, apply the signal to the external input source and adjust 
the trigger sensitivity until the scope triggers on + and — 
SLOPE with 200 mV of input signal. Check to be certain 
that the scope will not trigger on either polarity at 100 mV. 
Caution: Do not adjust the trigger sensitivity to be overly 
sensitive or the oscilloscope may respond to noise pulses. In 
addition, tube circuits normally age in such a manner that the 
circuit becomes more sensitive with age. Once the trigger 
sensitivity is properly set, then the triggering level centering 
may be more finely adjusted. 

Next, select the AC (sometimes called AC-SLOW) position 
of the COUPLING switch and note whether polarity remains 
correct. (A problem here usually indicates the large coupling- 
capacitor is defective.) With 0.5 cm of signal, place he COU- 
PLING switch in DC and adjust the internal trig DC adjust 
for a stable display. Note: Because of signal attenuation in 
the DC position, approximately twice as much signal is re- 
quired as in the AC position. In the DC-coupled mode, any 
movement of the front panel POSITION control will act as 
a change in DC level and interfere with circuit adjustments. 
Once a stable display is obtained, check for proper circuit op- 
eration in both positions of the POLARITY switch. 



TRIGGER PROBLEMS IN TRANSISTOR CIRCUITS 

Troubles in the auto- multi block are indicated when trigger- \ 

ing with a signal is normal, but there is either no trace or a / 

blinking trace in the automatic mode. This usually indicates 
a defective or leaky transistor. If a free-running trace is pre- 
.sent with signal input condition.s, disable the auto-multi block 
to confirm proper operation of the NORM mode. 

A problem in the trigger generator is usually indicated by 
NO triggering capability. The most common problems in the 
trigger generator are TD’s and transi.stors. The TD, as well 
as the transistors, may be checked using a Tektronix Type 575 
or 576 Curve Tracer. Defective gating diodes in the Trigger 
Generator show up as an inability to trigger on one slope. If 
the problem appears to be a free-running display with no 
trigger capability in either slope (AUTO mode), the bifilar 
transformer should be checked. If trigger operation is erratic 
in HF SYNC, suspect a slow-switching TD. 

Comparator stage problems are usually indicated by insuffi- 
cient range of the variable controls. If this condition arises, 
change the transistors to determine if the problem is devices 
or circuitry. If switching of devices unbalances the circuit in 
the opposite direction, replace the device (s) as they are un- 
l)alanced. 



TRIGGER PROBLEMS IN TUBE CIRCUITS 



If the trigger input stage has a vacuum-tube input, a leaky 
stage will show up as drift in adjustment. Leakage may l:)e 
easily checked by monitoring the input to the trigger ampli- 
fier/comparator from the triggering level circuit and then 
switching the SOURCE from INT to EXT. A shift of more 
than 200 mV indicates excessive leakage. 

If triggering is erratic near 0 on the trigger level, but control 
is okay at other points, suspect a defective trigger LEVEL 
control. If erratic triggering on small signals is noted in INT, 
the internal trigger pickoff path should be checked for exces- 
sive noise. 

No trace without input in the AUTO mode (other triggering- 
normal) indicates a weak Pulse Generator tube. If the prob- 
lem is a bright trace without input the STABILITY and 
PRESET should be checked for proper operation and adjust- 
ment. 

NOTE: If possible, use aged tubes or allow tubes to age- in 
several hours before final realignment for most stable 
adjustment. 



NEXT: Troubleshooting the Sweep 
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USED INSTRUMENTS 



INSTRUMENTS FOR SALE 



3_Type 535, SN 5342; SN 10979; SN 
1326. Price: $960 (Each.) 1— Type 545, 
SN 5292. Price: $1,125. 4--Type 53/ 
54B, SN 6626; SN 7334; SN 5460; SN 
7713. Price: $75. (Each.) 1 — Type 111, 
SN 000262. Price: $150. 1— Type T, 
SN 001240. Price: $100. 1— Type 180A, 
SN 6269. Price: $110. All equipment 
is in good working order. Contact: 
Teletek Enterprises, P. O. Box 118, 
Carmichael, California 95608. 

1— Type 564, SN 006132. l—Type 3A72, 
SN 005718. 1— Type 2B67, SN 015969. 
Contact: Mr. Stan Lindberg, Anocut 

Engineering, 2375 Estes Ave., Elk Grove 
Village, Illinois 60007. Telephone: 
(312) 437-5400. 

1 — Type 533A. Never used. 1 — Type CA, 
.Approximately one year old. 15 — Type 
RM529. Never used. Contact: H. D. 

Addington, WATL TV, 1810 Briarcliff 
Rd., Atlanta, Georgia 30329. Telephone: 
(404) 633-4111. 

l_^Type 422, AC Model, SN 3551. Un- 
der three years old. Used less than 30 
hours. Can ship in original foam con- 
tainer. Price: $1000. Contact: R. Ed- 
ward Stemm, Inc., 17W480 Lake St., 
Addison, Illinois 60101. Telephone: 
(312) 279-2440. 

1 — Type 545/ 1A2. Extra plug-ins Types 
D; K; 81 adapter. 127 plug-in power 
supply. Scope cart, calibration instru- 
ments 84 and 180 A time-mark genera- 
tor. Instruments wei'e used in calibration 
business and are in perfect condition. 
Contact: Fred Bell. Telephone: (213) 

429-3739. 

Several Type 517A. Without power sup- 
plies. Several kinds of CRT’s. Contact: 
Mr. Bruce Blevins, 176 Barranca Rd., 
Los Alamos, New Mexico 87544. Tele- 
phone: (505) 668-4458. 

1 — Type 1L20, SN 1285. One year old. 

Only used once. Contact: Mr. Stan 

MeWhinney, Canadian Electronics Ltd., 
P. O. Box 2330, Edmonton, Alberta, 
Canada. Telephone: (403) 429-4981. 

2— Type 513D, SN 1933 and SN 668. 
2— Type 514D, SN 2795 and SN 3025. 
Price: $250. (Each.) Crating extra, 
F.O.B. our plant. Contact: Arenberg 
Ultrasonic Laboratory, 94 Green St., 
Jamaica Plain, Massachusetts 02130. 

1 — Type 514AD, SN 4188 with stand. 
Good condition. Price: $349, Contact: 
Mr. Wally Cheesman, Glencourt Elec- 
tronics, 3508 Nob Hill Blvd., Yakima, 
Washington 98902. Telephone: (509) 

452-0166. 

1 — Type 323. Good condition. Contact: 
Kalman Isaacs, 1805 Strahle St., Phila- 
delphia, Pennsylvania. Telephone: (215) 
742-3179. 



1 — Type 561 A. 1 — Type 3A6. 1 — Type 
2B67. Scopes are approximately two 
years old. Price: $850. (Entire unit.) 
Contact: De Frees Leasing Company, 
Tiburon, California. Telephone: (415) 
435-1107. 

1- -Type 535, SN 1482. 1--Type CA, SN 
002884. Both in very good condition. 
Price: $600. (Entire unit.) Contact: 
Mr. Phillip Dooley, 308 McBroom St., 
Barstow, California 92311. Telephone: 
(714) 587-0651. 

1 — Type 512. Price: $125. Contact: Mr. 
James W. Boynton, 10 Pennsylvania 
Xve., Yonkers, New York 10707. 

1 — Type 317. Good working condition. 
Price: $600. Contact: Mr. Laurence 
C. Keeler, Greb X-ray Company, 1412 
Grand Ave., Kansas City, Missouri 
64106. 

1 — Type 51 3D. Price: $250. 1 — Type 

514D. Price: $200. 1 — Type 110. Price: 
$395. l_Type 53/54K. Price: $95. 1 — 
Type 53/54E. Price: $95. l—Type 53/ 
54B. Price: $85. l—Type 531. Price: 
$495. l—Type 535A. Price: $750. 1 — 
Type 541. Price: $695. Contact: Mr. 
Frank A. Aamodt, KFMB TV Channel 
8, San Diego, California. Telephone: 
(714) 232-2114. 

2— Type 561A/67/72. Price: $630. 

(Each.) l—Type 503. Price: $395. Con- 
tact: Mr. Carl Wasson, Micromatic 

Hone Corp., P. O. Box 192, Berne, 
Indiana 46711. Telephone: (219) 

589-2136. 

l^„Type 531, SN 5429. l-~Type 53/54G, 
SN 2189. Scope has trigger “pt'eset” 
and power supply rectifier modifications. 
Contact: Mr. John Unruh, Jr., 1722 
East Rose Ave., Orange, California. 
Telephone: (714) 633-3450. 

l—Type 531 A, SN 20404. Price: $575. 
l—Type B, SN 20936. Price: $90. 

1— Type 543, SN 962. Price $675. 1 — 
Type CA, SN 59106. Price: $150. 1— 
Type G, SN 6948. Price: $110. 1 — Type 
202-1. Price: $85, Contact: Mr. Don 
Wick land, Ferroxcube Corp., 5455 South 
Valentia Way, Englewood, Colorado. 
Telephone: (303) 771-2000. 

2— Type 122, SN 2970 and SN 04335. 

Price: $60. (Each.) 1 — Type 160A, SN 
2663. Price: $90. 3— Type 161, SN 2077; 
SN 2449 and SN 2638. Price: $60. 
(Each.) 1 — Type 162, SN 2977. Price: 
$60. 3— Type 163, SN 723; SN 1670 
and SN 1779. Price: $60. (Each.) Ex- 
cellent condition. Contact: Mobil-scope, 
Inc., 177341/4 Sherman Way, Reseda, 
California 91335. Telephone: (213) 

342-5111. 

1 — Type 565, SN 2704. Like new. Price: 
$1,350. Contact: Mr. R. Wittich, Hy- 
drocraft Corp., 648 Main St., Westbury, 
New York 11590. Telephone: (516) 

333-2640. 
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l___Type 547, SN 5800. l—Type 1A4, 
SN B061261. l—Type 202-2 Scopemo- 
bile. Contact: Mr. Rupenthal, Circle 
Leasing Corp., 126 W. Vermont St., 
Indianapolis, Indiana 46204. Telephone: 
(317) 634-3557. 

1 — Type 3A1 Plug-In. Contact: Mr. Jim 
Reidy, University of Michigan, Physics 
Dept., Randall Laboratories, Ann Arbor, 
Michigan. Telephone: (313) 764-5248. 

1 — Type 524 AD, SN 1874. With probes 
and filter hood. Good condition. Price: 
$500. Contact: Mr. E. R. Jones, 1250 
Ross St., Plymouth, Michigan. Tele- 
phone: (313) 453-4649. 

l—Type 535A, SN 18406. l—Type B, 
SN 017780 Plug-In. l—Type P, SN 
001387 Test Fixture. Contact: Plarvey 

Smith, 981 North Virginia, Covina, 
California 91722. Telephone: (213) 

332-2660 or (213) 286-5477. 

l—Type RM16, SN 1029. Price: $425. 
Contact: Leon Lacabanne, 12207 Ridge- 
mont Ave., W., Minnetonka, Minnesota 
55343. Telephone: (612) 544-1981. 

1 — Type 422. 1 — Type 3A6. 2— Type 
564. 1 — Type 3B3. 1 — Type 201-2. 1 — 
Type 3B4. 2 — Type 3A74. Several mis- 
cellaneous probes. Contact: Mr. Ron 
May tin, K&M Electronics Company, 109 
Hopkins Place, Baltimore, Maryland 
21201. Telephone: (301) 685-3140. 

l—Type 1L30, SN 000152. Contact: AI 
Lockwood, Ogden Technology. Tele- 
phone: (408) 739-5900. 



INSTRUMENTS WANTED 



1 — Type “M” Unit. Preferably three to 
four years old with UHF Connectox's. 
Contact: Steve Allen, 328 Braniff Bldg., 
Dallas, Texas 75235. Telephone: (214) 
357-9461. 

Oscilloscope for personal use by Electri- 
cal Engineering Student. Prefer Plug- 
In versatility. Contact; C. S. Levine, 
1002 Campbell Ave., West Haven, 
Connecticut 06516. Telephone: (203) 

934-6287. 

1 — Type 109 Pulse Generator. Also 
wanted, a Type 113 delay line. Write 
giving details and price. Contact: Bruce 
Weitermann, 4549 North 38th St., Mil- 
waukee, Wisconsin 53201. 

1 — Type 545 or 545 A or equivalent. 
Prefer Type CA Plug-In. Contact: Dr. 
F. M. Vallese, 340 Ridgewood Ave., 
Glenridge, New Jersey 07028. 

1 — Type lAl. Contact: Harvey Smith, 
981 North Virginia, Covina, California 
91722. Telephone: (213) 332-2660 or 
(213) 286-5477. 

1 — Type 1S2. Contact: Al Lockwood, 
Ogden Technology, Telephone: (408) 
739-5900. 

Printed in U.S.A. 7/69 SKD A-2411 
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SCALE FACTOR READOUT NEW CAMERA SYSTEM 

Control settings, probe attenuation values, and magnifier set- The C-50, with its electronic shutter, eliminates much of the 



tings are all taken into consideration and electronically read 
out in the CRT viewing area. A > symbol is provided for 
uncalibrated settings and a 4^ symbol denotes vertical chan- 
nel polarity inversion. 

TWO NEW MAINFRAMES 

90-MHz or 150-MHz performance capability with readout is 
provided. Both the 7504 and 7704 accept four plug-ins and 
employ mainframe switching for vertical and horizontal versa- 
tility. 

13 NEW PLUG-INS 

The initial 13 plug-in units provide dual trace (4 trace with 2 
units), differential, differential comparator, low C FET probe 
and amplifier, AC current probe amplifier, and wi de-band 
conventional amplifier performance. Versatile time-base plug- 
in units provide a new ease in triggering and sweeps up to 
2 ns/ cm are available. Sampling units that accept sampling 
heads provide additional versatility and the sampling time- 
base available provides a 10 ps/div sweep. 



film waste normally associated with oscilloscope photography. 
Range finder focusing is combined with a trace-brightness 
photometer to simplify and improve oscilloscope photo- 
graphy. 

NEW LARGE SCREEN OSCILLOSCOPE 

More than 50% greater viewing area (over an 8 x 10 cm 
display) is available in the Type R5030. This advanced design 
10 }.iV, 1 MHz dual-trace oscilloscope also provides a fiber 
optic display of scale factor readout. 

ADVANCED COMPONENT TECHNOLOGY 

This new generation of Tektronix oscilloscopes makes ex- 
tensive use of Tektronix developed and manufactured com- 
ponents to provide the user with the most reliable compon- 
ents currently available. Low torque cam switches, miniature 
illuminated push buttons, relays, custom Integrated circuits, 
ceramic cathode ray tubes, and a number of other unique 
components contribute to superior instrument performance. 
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The NEW GENERATION is a term used by those 
who have participated in the development of a new 
concept in oscilloscope design. To the men and 
women of Tektronix, who have labored with their 
many varied skills to convert these thoughts into 
reality, it will always be the NEW GEN. 

The NEW GEN has taken the best efforts of a 
large segment of the Tektronix development popu- 
lation. The beginnings were over five years ago 
when a small task force first began studies of a 
product line designed for the future with optimum 
versatility. Over 20 years of oscilloscope experience 
and accumulated skills have interacted with these 
studies to result in the new 7000-Series and 5000- 
Series Oscilloscopes. New components have been 
built as well as new facilities to produce them. Over 
two years of intensive engineering development pre- 
cedes the introduction of these instruments. The 
results are the finest oscilloscopes available based 
on today’s most advanced technology. 

This issue of TEKSCOPE can only tell the begin- 
ning of the New Generation evolution. The future, 
we believe, will be even more excitina*. 
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The 7504 and 7704 with their array of 13 plug-ins arc 
the vanguard of a new oscilloscope line designed with 
an unprecedented degree of flexibility in anticipation 
of future requirements. Each instrument accepts up to 
four plug-ins and can display its output in a wide variety 
of ways. Blank plug-in panels are available to cover 
the unused panels if four plug-ins are not required 
initially. 

The new plug-in oscilloscopes are designed to be the 
most expandable line of oscilloscopes ever developed. 
Thought has been given to probable technical develop- 
ments in both components and instruments, and every 
effort has been taken to ensure the future compatibility 
of these designs. 

The 13 plug-ins provide an overall measurement capa- 
bility exceeding that of any other plug-in oscilloscope. 
5-mV performance at 150 MHz with a full 8-cm scan, 
5 -mV four- trace performance at 105 MHz, are just two 
of the features currently available only in the 7000 Series. 

The two plug-in oscilloscopes are identical in front panel 
appearance. The major differences are in the vertical 
amplifier, the low voltage power supply, and the cathode 
ray tubes. The 7504 with appropriate plug-ins provides 
up to 90 MHz bandwidth performance, while the 7704 
has 150 MHz capability. 

Possibly the most dramatic feature of the new instru- 
ments is the readout capability. Auto scale-factor readout 
is a standard feature of both oscilloscopes and auto- 
matically provides a display of vertical and horizontal 
sensitivity. By providing the correct scale factors on the 
face of the CRT, the operator is relieved from simple 
but bothersome mental calculations. Plug-in knob set- 
tings are read out on the CRT screen by means of a 
unique character generator which time-shares the CRT 
beam with the normal oscilloscope display. 



Magnifier settings and probe attenuation arc automat- 
ically taken into consideration. Therefore, the operator 
always reads the value at the probe tip at the correct 
sweep speed. Should plug-in polarity be inverted, an 
indication ( J, ) is given. If any knob becomes uncali- 
brated, a greater than symbol ( > ) will precede the 
quantity. A photograph will include both the analog 
display and alphanumeric data, eliminating the possi- 
bility of incorrect labeling. 

A new trigger circuit is featured in the new oscilloscopes 
that greatly simplifies trigger operation. The peak-to- 
peak auto trigger circuit detects the peak-to-peak excur- 
sions of the displayed waveform, stores the value in the 
peak-to-peak memories, and matches the range of the 
level control to the range of the displayed signal. With 
the trigger in the peak-to-peak auto position, the opera- 
tor can go through the maximum excursions on either 
slope and never reach an untriggerable position on the 
control knob. 

Switching in the 7000 Series is accomplished in the 
mainframe of the oscilloscope. Five vertical mode push 
buttons and four horizontal mode push buttons deter- 
mine which plug-in outputs will be displayed. Twenty 
possible combinations of vertical and horizontal opera- 
ting modes are provided for maximum versatility. This 
design choice allows comparison between any two verti- 
cal channels to enable comparison of signals with sig- 
nificantly different characteristics. For example, sam- 
pling (50 n) and conventional (1 MQ) ; wide bandwidth 
and high sensitivity; differential comparator and current 
probe; dual trace and dual trace for four- trace opera- 
tion are all easily accommodated in the appropriate 
plug-ins. In addition, as higher performance or special 
performance plug-ins are developed, they may be used 
with a more conventional unit. 

The center two compartments are designed so they may 
be devoted to sampling capability, spectrum analysis, or 
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X-Y display. This allows a signal to be observed in a 
conventional manner while simultaneously monitoring a 
sampling display, frequency display, or X-Y display of 
tlie identical phenomenon. 

Switching is also provided between the two horizontal 
plug-ins to provide sweep-switching capability. In addi- 
tion to Al/r, a CHOP mode is provided which is con- 
venient when observing two displays of greatly different 
repetition rates. M’his mode also provides dual-beam 
caj^ability up to aj)proximately 20-/xs/div sweep speed. 

Placing tlie plug-in interface before the oscilloscope 
amplifier [)rovides a number of important advantages. 
For maxiinum versatility, we have chosen a plug-in out- 
put of 25mV/div at 0 volts in a 5 0-12 environment. 
This convenient interface will allow us to take the maxi- 
mum benefit of new developments in components and 
in signal conditioning. In addition, as future oscillo- 
scopes evolve, ciianges in display sensitivities are easily 
accommodated with the buffering vertical amplifier. 

Although this design choice increases the initial price 
of the oscillosco[)e, it decreases the price of each plug-in. 
With the vertical amplifier in the oscilloscope, it is not 
necessary to build an output amplifier for each plug-in 
and this saving may be passed along to the customer. 

llie 150-MHz 7704 utilizes a “high efficiency” power 
supply which eliminates the bulky iron-core transformer 
and heat sink and eliminates any necessity for a fan. 
M4iis new supply dissipates approximately 60 watts coin- 



7-SERIES PLUG-IN PERFORMANCE 



AMPLIFIER 


BANDWIDTH 
7704 j 7504 


MIN DEFL 
FACTOR 


PERFORMANCE 

FEATURED 


7A11 


150 MHz 


90 MHz 


5 mV/div 


Low-capacitance FET 
Probe Amplifier 


7A12 


105 MHz 


75 MHz 


5 mV/div 


Dual-channel 

Amplifier 


7A13 


100 MHz 


75 MHz 


1 mV/div 


Differential DC Off- 
set, High-Freq. CMRR 
Amplifier 


7A14 


50 MHz 
105 MHz 


45 MHz 
75 MHz 


1 mA/div 


AC Current Probe 
Amplifier (2 current 
I probes) 


7A16 


150 MHz 


90 MHz 


5 mV/div 


i Wide-bandwidth 
i Conventional Input 
i Amplifier 


'■“■'7A22 


1 MHz 


10 /iV/div 


I DC-Coupled, High 
Gain Differential 
i Amplifier 


*7S11 


350 MHz - 14 GHz 
depending on 
Sampling Head 


; 2 mV/div 


Sampling Amplifier 
‘Sampling head 
required 


**7M11 


2 GHz (175 ps) 


X2 atten 


“Passive Dual 
Delay Line Unit 



TIME I 
BASE j 


FUNCTION 

i 


MAX 

SWEEP RATE 


TRIGGERING 
i FREQ. RANGE 


7B50 ' 

7B51 


Delayed Sweep & Ext. i 
Amp 

Delaying Sweep 


5 ns/div 


DC -100 MHz 


i 7B70 ! 

'7B71 


Delayed Sweep & Ext. 
Amp. 

belaying Sweep 


2 ns/div 


DC - 200 MHz 


7T11 i 


Random, Sequential & 
Real-Time Sampling 


10 ps/div 


DC -12.4 GHz 




7000 Series and Type 535A. Four plug-in capability and 
auto scale-factor readout are distinguishing characteristics 
of the new instrument line. 



])ared to 140 watts that a conventional supply would 
dissipate. Use of this new supply removes approximately 
12 pounds from the weight of the instrument, providing 
a 200-W power supply in a 10-lb package. 

The instruments make extensive use of color coding to 
simplify front panel logic for the operator, and improve 
user interface. In addition, proper front panel compon- 
ent selection has assisted in attaining this goal. 

4’he new R5030 is a dual-beam differential oscilloscope 
providing 1-MHz, 10-,aV performance in a 6 /a -inch 
CRT. The instrument makes use of a fiber-optic readout 
display adjacent to the CRT area. A separate current 
mode is provided to accept a current probe (1-mA 
sensitivity) with no external termination being required. 

The instrument is designed for simple operation and 
uses color coding extensively. Depressing a push button 
changes the display from a dual beam Y-T to a single 
beam X-Y display for additional versatility. 

Unique to this instrument is a LOCATE function associ- 
ated with the time-base magnifier. When depressed, the 
time base is returned to an XI magnification position 
and the area which will be magnified is intensified. The 
magnifier, which is direct reading on the auto scale- 
factor readout offers five positions of magnification on 
the time-base switch. The locate feature allows the 
operator to easily pick out where on the trace he has 
chosen his magnified sweep. 

For further information on all of these new Tektronix 
instruments, consult your local field engineer. Complete 
information is given in the August 1969 New Products 
Catalog Supplement. 
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READOUT 



Since an oscilloscope display is basically a 
graph, it is logical that the axes be labeled 
with the scales used, to simplify interpreta- 
tion of both displays and photographic records. 
The calibration of this system is accomplished 
with a coding system that extends to the probe 
tip and is carried through the plug-in interface. 
Thus, the oscilloscope takes on the character- 
istic of a true quantitative instrument. 

The 7000 Series introduces a dramatic new system oi 
readout inexpensive enough for oscilloscope use. As 
oscilloscope displays may present several traces at dif- 
ferent sensitivities and sweep speeds, a versatile system 
is required. A fully integrated electronic character 
generating system has been developed which time shares 
the cathode ray tube with all regular functions. The 
result is a .system which collates within the CRT area 
all the important parameters of the measurement. 

The symbols are 3 -mm high and 2 -mm wide with 
spacing 0.3 mm between w^ords. Eight words are pos- 
sible, four in the upper CRT area and four in the lower 
CRT area. The intensity of the readout display is adjust- 
able by a front panel control and may be switched off 
if desired. 

The character is written in 9.8 /.is. The display rate is 
71.5 Hz, independent of the amount of data. The frac- 



tional time taken out of the display is proportional to the 
number of symbols displayed (0.1% per symbol) and 
has little effect on the intensity of the normal display. 

The system uses 14 Tektronix bipolar integrated cir- 
cuits (the equivalent of some 6000 active devices) and 
is contained on a 4% x 5-inch circuit board. The 
heart of the system is the novel character-generator 
proper. Utilizing tw'o new circuit principles, ten symbols 
are packaged in each 65 -mil square die, fabricated by 
the standard planar process. A total of five dice pro- 
vide a basic 50-character font, but changes in the style 
of the character (italicization, aspect ratio, size, etc.) 
are readily made externally. To generate a new set of 
symbols, it is only necessary to change one mask in the 
process — the p re -ohmic mask. Since this step is near the 
end of the process, wafers can be processed in common 
up to this point. 

Each circuit is a complete system, requiring only a pow'er 
supply and a scanning voltage to produce characters on 
the CRT. The characters are selected directly by apply- 
ing a current to one of ten selection pins. The outputs 
appear from '4'ree” collectors and thus any number of 
packages may be connected in parallel. The outputs 
correspond to the scanned X- and Y-values of the com- 
plete symbol, and require no further processing. Addres- 
sing is performed by currents on column-select lines and 
row^-select lines. The column-select current is in the 
range 0 to 1 inA, and the character size is directly pro- 
portional to it; thus, it is simple matter to generate a 
display having mixed symbol sizes. 

Each symbol is composed of seven strokes, but unlike 
prevalent seven-stroke generators, the break-points of 
the strokes may be placed at any one of several hundred 
locations. In addition, the strokes may have virtually 
any length and angle, permitting high-quality symbols 
to be generated by a small number of co-ordinate pairs. 
Each of the eight break-points consists of an X-co- 
ordinate and a Y-co-ordinate (no Z-axis information is 
required to generate the symbol), and these are defined 
by the number of emitters connected through the pre- 
ohmic holes in the oxide. A total of 1440 emitters are 
used in the co-ordinate section of the circuit. This use 
of multiple cm it ter- areas as precise current-splitting 
elements is the first of the features that enabled Tek- 
tronix to achieve the high packaging density. 

The second feature is found in the method de\'ised for 
scanning symbols. A simple sequential pulsing of the eight 
co-ordinates would produce only an eight-dot display. 
A smooth scanning from one point to the next is re- 
quired to trace out the character fully. This is achieved 
by using a resist i\-e ladder netw'ork connected to the 
bases of the co-ordinate-forming transistors. 
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Multiple exposure. This photograph 
illustrates a typical auto scale-factor 
readout at top and bottom. Note the 
uncalibrated scale of Channel 1 and 
the polarity inversion of Channel 2. 
The 50-character font provided is 
also shown enlarged for clarity, in the 
center of the photo. 




A triangular input waveform smoothly sequences through 
the co-ordinate pairs, and by proper network biasing 
produces an X- and Y-current waveform corresponding 
to the symbol. Scanning rates can be anywhere from 
DC to a megahertz. 

Much of the flexibility of the system stems from the 
data coding techniques used. Instead of using the usual 
binary codes, a time-multiplexed multi-level analog cur- 
rent code was adopted, in which the data is divided up 
into eleven 100-/./. A levels at 250-/.ts intervals. Since the 
symbols are stored in a matrix of ten rows (some corres- 
pond to the stored instructions, and some are spares) by- 
ten columns, two lines are needed to convey the data out 
of the plug-in. Data is encoded in the plug-in by switch- 
closures and resistors. Decoding is accomplished on the 
readout board by integrated A-D convertors (one IC 
for row and one for column data) which then address 
the matrix. 

Apart Irom the increased data-handling capacity (some 
combinations are possible for the readout system) , 
a more subtle advantage results from the use of an 
analog current code: data can be modified systematically 



by the addition or subtraction of levels. For example, 
one of the instructions controls the number of zeros that 
follow the first digit of a scaling factor. 

Each higher level adds a zero, until two zeros are dis- 
played. The next level causes zeros to be dropped and 
the prefix (n, /x, m, etc.) to be shifted a factor of 1,000. 
Consec|uently, responding to the addition of attenuator 
probes is a simple matter. 

Each word may have up to 10 .symbols, although typically 
there are between 2-5 symbols per word. The symbols are 
normally written without redundant spaces, but spaces 
may be called for in the code, if desired. In addition 
to the scale factor, provision is made for indicating 
inverted polarity (4) and not calibrated (> symbol) 
preceding labeling. 

A special ‘'identify” feature is included to determine 
which scale factor goes with which trace. Depressing 
the IDENTIFY button replaces the appropriate .scale 
factor with IDENTIFY and deflects the identified trace 
up a few millimeters. This feature is available on all the 
new plug-ins and is also present on the new probes intro- 
duced. 
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COMPONENTS 



The new generation of instruments would not have been 
possible without the extensive component development 
program embarked upon by Tektronix component en- 
gineers. Early in the program it was recognized that 
commercially available components would be much 
too restrictive; so simultaneous development programs 
were initiated in integrated circuits^ rotary and push- 
button switches^ relays, and thick film attenuators. At 
the same time, efforts were launched in developing 
the ‘hnother-board’' etched circuit board concept along 
with the required interface connectors. 

The results of these efforts are the prime factors in 
the ability to introduce the R5030 and the 7 000- Series. 
For example, auto scale -factor readout would not have 
been possible without custom integrated circuit de- 
sign, since the price and size would have been pro- 
hibitive. Much of the versatile switching that char- 
acterizes the 7000-Series is also accomplished with 
custom IC’s. 

Tektronix Integrated Circuits are widely used in new 
generation oscilloscope circuitry. Seventeen different 
integrated circuits are included in the new instrument 
designs and allow performance that would otherwise 
be unattainable. The ability to custom- design IC’s 
permits instrument features that would otherwise be 



prohibitively expensive. The ability to use the best 
logic for a given job, instead of relying on logic de- 
signed for other applications, results in a more versa- 
tile, logical instrument at a more economical price. 

Tektronix switch engineers developed the small reli- 
able rotary cam switch to replace bulky multiganged 
rotary switches. Two basic sizes have been developed. 
One incorporates a 0.8 3 -inch drum diameter and is 
available in up to 28 positions. The other is 0.454 inch 
in diameter and is available in up to 12 positions. In 
the case of the R5030, two 12-position cams and a 28- 
position cam are linked together with a clutch to pro- 
vide a direct reading magnifier and direct reading ex- 
ternal horizontal amplifier on the same knob as the 
TIME/DIV control. This novel configuration simplifies 
the front panel logic and conserves front panel space. 

Rotary cam switches provide the following advantages: 

1. Lower and more controllable torque. A cam 
switch may be turned without a knob. Thus a 
smaller diameter knob may be used allowing 
more efficient use of front panel space. 

2. Higher reliability and longer contact life. 

3. More accurate control of tolerances since cam man- 
ufacturing uses numerically conti'olled equipment. 

4. Wiring to the switch is more direct. “On board” 
wiring may be used since no separate wiring harness 
is required. 

New miniature push buttons indicate the status of vari- 
ous functions and replace many of the larger switches 
used in previous designs. The basic family of push- 
button switches is provided in rows of 2 through 10 
positions. Most configurations require only one lamp 
to light any button in a row. 

Depressing a push button causes the rear beveled edge 
of the button to obtain light from the lamp at the end 
of the rows. The light is then transmitted to the front 
of the transparent button. The push-button switches 
are mounted on an etched circuit card that contains 
the appropriate circuitry. The lamps used are rated 
at 50,000 hours at full power with even longer life 
at partial power. 

These small switches require less inward travel than 
other commercially available switches. Since the holes 
in the casting are quite small, the switch design also 
creates less of an EMI problem than the older larger 
switches. 

The new Tektronix instruments make extensive use of 
relays and relay switching. As there were no inexpen- 
sive miniature relays on the market, Tektronix engi- 
neers developed a 200-mW double-pole, double-throw 
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Some of the Tektronix components used in new generation instruments. Clockwise 
from upper left: thickdiim drum attenuator, character-generator IC with 1440 emitters, 
miniature lighted push-button switch, miniature relays, and rotary cam switch. 




sensitive relay. From this basic design, there are cur- 
rently 16 \-ariations including a single-pole, single-throw 
version, a magnetic latch version, and a bifilar wound 
center tap latch version. 

Tektronix relays are generally designed to plug into 
a socket that is flow soldered to the etched circuit 
board, assuring quick and easy servicing. These low- 
capacitance miniature sensitive relays ha\-e less leakage 
than semiconductor switches and are much more tol- 
erant of transient voltage considerations. 

A new potentiometer design contributes to operator 
convenience and sa\'es front panel space. The design 
uses a 3:1 reduction clri\‘e to improve the resolution 
of the triggering control. By combining this potenti- 
ometer with a relay, the slope is automatically changed 
as the level control pas.ses 0° and 180°. The de\-elop- 
ment of this feature provides a ne\v ease in oscilloscope 
triggering and contributes to the human engineering 
of the new instruments. 

A ''push-push” switch design was de\-eloped to switch 
variable controls in and out of the circuit. The small 
switch, which conveniently solders to a circuit board, 
is used where\*er a \'ariable function might uncalibrate 
an oscillo.scope. 



Thick film technology permitted the drum attenuator 
design for the 7A16 Amplifier and allows this unit to 
provide 5 mV sensitivity with 150 MHz bandwidth in 
the 7704. 

The drum attenuator design consists of a ceramic chip 
for each attenuator position. The chip consists of two 
resistors whose value is determined by the amount of 
thallium oxide and glass fired onto the chip. Although 
stray capacitance is still a factor, it is constant and con- 
trollable, and once compensated it remains the same. 
Idle attenuator design incorporates subminiature but- 
terfly trimmers formed of small round ceramic discs 
with a deposited silver film to allow compensation and 
standardization. 

Each attenuator position has its own attenuator without 
switching in stacked resistors. As a result, inductance, 
feedthrough, and crosstalk are held to a minimum. In 
addition, the process lends itself well to tight tolei'- 
ances since the resistors may be easily trimmed to 0.1%. 
The result makes possible a very clean, fast plug-in 
amplifier with a 1 MQ and 15 pF input impedance. 

Thick-film techniques are also used for the high re- 
sistance dividers in the high voltage supjDlies of the 7504, 
7704, and R5030. 
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HUMAN 

ENGINEERING 



The new generation design concept of Tektronix in- 
struments has provided the ability for the front panel 
to keep pace with circuit miniaturization developments. 
Portable oscilloscopes such as the Type 453 were de- 
signed in appreciably smaller packages by using solid- 
state techniques. Front panel controls, however, made 
no significant size reduction since essentially the same 
components were being used. Once the choice of plug- 
in size for the 7000-Series was determined W x 

5" H X 14^4" L)j it became evident that commercially 
available rotary switches would no longer do the job. 
The same problem was present with lever switches and 
the push buttons available. 

As a result of a joint effort between component develop- 
ment engineers, circuit engineers, mechanical engineers, 
and industrial design engineers, suitable Tektronix 
components were developed. Once these new compo- 
nents were available, it was then possible to design an 
instrument front panel considerably different than be- 
fore. The result is the radically new and logical front 
panel layouts of the 7 000- Series and the R5030. 

The miniature lighted push buttons were designed to 
eliminate function selector switches and rotary switches 
wherever possible. Rows of miniature lighted push but- 




tons quickly indicate the status of all controls where 
a choice must be made. 

The push-button spacing has been given considerable 
attention. Since the finger is oval, not round, ver- 
tical and horizontal requirements are different. The 
curvature of the finger and how far you have to push 
determines the minimum spacing of the buttons. This 
spacing has been closely calculated and as a result, 
there is more finger space than is present in com- 
mercially available push buttons used in the Type 184. 
These self-cancelling push buttons are one of the great- 
est contributors to the simplified front panel logic of 
these new instruments. 

A logical and consistent use of front-panel color coding 
identifies specific functions and simplifies front-panel 
logic. The following colors have been assigned to 
assist the user in oscilloscope operation: 
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The NEW GENERATION of Tektronix instruments and accessories. 



Black (and gray) is neutral and is used for all gen- 
eral nomenclature and controls. It is also used for 
grouping similar kinds of things (e.g. signal outputs on 
the mainframe of the 7000-Series) . Varying shades of 
gray are used to denote various logical sub-groups. 

White indicates status and normal operating conditions 
(e.g, push-button lights and whether A or B intensity 
control affects the display) . 

Blue is assigned to the display mode function. For 
example^ the display mode of the plug-ins and the main- 
frame switching is coded in blue. The user knows that 
he must make a decision in each area where he sees 
blue. 

Green is assigned to triggering functions. A subtle 
difference is that in the sampling instruments a green 
outline is used instead of the normal solid color block. 



This indicates the triggering does not go through the 
mainframe, and thus the operator need not bother 
with mainframe controls. 

Yellow is used for notes of caution or unusual operat- 
ing functions. As an example, yellow is used to indi- 
cate the restricted sensitivity (1 — 50 mV) available 
in the electrometric mode (R oo) of the 7A13 
Differential Comparator Amplifier. 

Orange is used for exclusive functions on a given in- 
.strument (e.g. cuxTent inputs on the R5030) . 

Red is exclusively assigned to conti'ols that will un- 
calibrate the instrument and indicates that an inaccu- 
rate measui'ement is possible. Thus, when a variable 
control is in use, the red color band of the knob (as 
well as the readout on the display) warns the user 
that the instrument is in an uncalibrated position. 
Depressing the knob removes the red from the front 
panel, recesses the knob flush with the outer control, 
and returns the instrument to a calibrated display. 

If an uncalibrated display is desired, a slight push on 
the knob I'eleases the red variable knob and the user 
regains variable control of the function. 

This new component simplifies front panel logic and 
guards against unintentional non-calibrated displays. 
Its use allows seldom used controls to essentially dis- 
appear when not in use. 

Color-coding has been extended to include concentric 
knob color and lettering style. If concentric knobs 
are used for similar functions (e.g., offset — fine, coarse), 
the knobs are identical in color. If concenti'ic knobs 
are used for dissimilar functions (e.g., focus and in- 
tensity), the knobs are dissimilar in color. 

The same logic is used for labeling. Outline lettering is 
used to relate to the light gray inner knobs and normal 
black lettering is used to relate to the dark gray outer 
knob. In the case of similar functions, the inner control 
is in smaller lettering than the outer knob nomenclature. 

We, at Tektronix, feel that a major breakthrough has 
been achieved in simplifying front panel understanding. 
Although this first Tektronix offering of our new prod- 
ucts provides more flexibility than ever before, we think 
the improvement in human engineering will make them 
even simpler to operate. One thing is certain. A great 
deal of thought, discussion, and effort has gone into 
the final design choices. If acceptance is as we expect, 
future designs will all be compatible in their logic. As 
new designs evolve, less and less effort will be necessary 
for the user to easily understand and use the capabilities 
of his Tektronix instruments. 




All three new instruments make use of front and rear 
panel castings connected by aluminum extrusions. The 
oscilloscope plug-in compartment is designed with no 
dividers for maximum future flexibility. The modular 
power supplies are located behind the plug-in compart- 
ment on cables for easy access. The R5030 power supply 
is located at the right rear of the instrument and is ac- 
cessible via a swingout heat sink. 

Plug-in construction consists of a front casting, aluminum 
extrusions top and bottom, a plastic rear panel, and a 
circuit board. The central “motherboard” contains the 
circuitry and forms the connector of the plug-in. This 
connector then plugs into the female connector at the 
rear of the plug-in compartments and provides the inter- 
face to the oscilloscope amplifiers. The circuit board 
connectors have been specifically designed for low inser- 
tion and withdrawal forces to provide a I'eliable con- 
nection with long life characteristics. 

Extensive use is made of new 0.025 square gold-plated 
pins. Female clips on the end of wires clip directly to 
the gold pins. Where possible, plastic clips containing 
multiple connectors group wires together for easier 
servicing. The use of long pins permits stacking of 
boards when component density is high. This technique 
provides good accessibility and ease of maintenance and 
contributes to a neat overall instrument appearance. 
The format also provides for easier automatic pretesting 
and faster instrument assembly. 

Gold-plated glass epoxy circuit boards are used to ensure 
maximum reliability. Features such as plated -through 
holes, built-in test points, and transistor and IC sockets 
all combine to enhance maintainability. 

Eletromagnetic Interference requirements have been 
taken into consideration and are a standard feature in 
the plug-ins. The 7000-Series oscilloscopes are designed 
to be convertible to meet EMI specification by a special 
set of side panels. This feature guards against obsoles- 
cence in the event of stricter EMI regulations. 



Top to bottom: construction of a typical stacked plugdn unit; 
basic structure of casting, extrusions, and chassis; 7704 
with modular high-efficiency power supply extended for 
servicing; the three new CRT’s developed for the New Gener- 
ation instruments. 



CONSTRUCTION 
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CATHODE 

RAY 

TUBES 



The heart of any oscilloscope is the cathode ray tube. 
The ceramic post-deflection accelerator CRT’s devel- 
oped for the Tektronix 7000-Series Oscilloscopes offer 
significant improxeinents o\'er CRT’s currently avail- 
able. The 8 X 10 cm viewing area provides a large 
bright display with high writing speed. Both the 7504 
and 7704 can easily record an 8-cm single-shot photo of 
their risetimCj using standard Tektronix P31 phosphor, 
without employing film fogging techniques. 

The new Tektronix CRT’s use a frame-grid construc- 
tion. Frame-grid CRT’s employ scan expansion and 
provide a \ ery good compromise of deflection sensitivity 
and writing speed. Because frame- grid conductors run 
only in the vertical direction, electron-beam transmis- 
sion is nearly 50% greater than most mesh construction 
tubes. The result is a high writing-speed tube with very 
good linearity and sensitivity (e.g., the 7704 CRT verti- 
cal sensitivity is 3,3 v/cm) over a full 8 x 10 division 
scan. 

Good horizontal sensitivity is achieved by placing the 
frame grid as far forward as possible into the post ac- 
celerator field. This causes the field lines to curve 
around the front of it sufficiently that the effect on the 
electron beam is similar to a curved horizontal plane. 
Thus many of the advantages of a mesh are obtained 
with few disadvantages. 



Tektronix CRT’s are designed to provide single-shot 
writing speeds sufficient to record a transient at the 
risetime limit of the instrument. Writing speed is speci- 
fied with no film fogging using P31 phosphor, the opti- 
mum phosphor for general purpose viewing and long-life 
characteristics. 

The 7504 CRT is operated at 18 kV and provides a 
specified minimum writing speed of 2500cm/fts (with 
C-51 camera) using Tektronix standard P31 phosphor 
with no film fogging. 

The 7704 CRT is operated at 24 kV and provides a 
.specified minimum writing speed of 3300 cm//xs (with 
C-51 camera) using Tektronix standard P31 phosphor 
with no film fogging. This photographic writing speed is 
more than twice that of the Type 454 with P31 phos- 
phor (identical camera systems). 

The 7704 incorporates a special face plate design to 
ensure that X-ray radiation is attenuated well below 
the TV standard recommended by the National Council 
on Radiation Protection and Measurement (100% duty 
cycle raster with full intensity). In addition, circuitry 
has been included to limit the maximum possible high 
voltage to keep the specification well within this figure. 

The R5030 CRT is a dual beam 6% -inch ceramic mono- 
accelerator CRT. This unique tube provides a full 
8x10 div (div = 1.27 cm) coverage for both elecU'on 
guns with deflection defocusing better than 1.5 to 1 on 
any axis. The large divisions provide 50% greater view- 
ing area than conventional 8x10 cm designs. The tube 
provides a bright high-resolution display which mini- 
mizes operator fatigue. 

A novel dynamic geometry circuit maintains excellent 
geometry in this tube over the wide extended deflection 
angles. An additional deflection element is placed 
between the two sets of vertical deflection plates and 
corrects the beam at the deflection extremes (i.e. upper 
edge of lower gun display and lower edge of upper gun 
display). The correction voltage minimizes geometry 
problems providing an excellent overall geometry. 

The new Tektronix tubes employ a new female type 
neck connector for the deflection elements that is es- 
sentially flush with the glass. As a result, tubes may be 
removed without worrying about the pins catching and 
bending, or breaking off. A new male connector on the 
deflection leads simplifies CRT replacement. 

The ceramic construction provides greater strength, 
lighter weight, and improved internal graticule edge 
lighting. This construction technique also allows tighter 
tolerances and decreases development time, due to our 
we 11- developed ceramics technology. 
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ACCESSORIES 



The probes and accessories developed for the new gen- 
eration of d'ektronix instruments embody the same phi- 
losophy as the instruments themselves. Thus, new 
probes have been designed to automatically provide tlic 
correct scale factors and ensure that the auto scale- factor 
readout represents the sensitivity at the probe tip. 



For example, an FE'F probe was designed as an integral 
part of the 7A11 FET Probe /Amplifier. By incorporat- 
ing two stacked attenuators and a temperature coni- 
p c nsatc d F ET a m p 1 i f i e r in 1 1 1 e ] ) robe itself (<0.8 in'’) 
it is jDossiblc to relay switch the attenualoi's from the 
front panel. A miniature relay had to b(^ dev(‘ loped 
to fit into the nose of tlie probe to switcli the two 2 OX 
high speed, higli impedance attenuators. 

'I 'he result is an FE'F ])robe tliat is small in si/e with no 
bulky ann)Iifier to mount to the oscilloscoj)c and which 
cannot be made to clip or limit the signal on the CRT 
by an incorrect combination of in|)ut attenuator and 
plug-in sensitivity, riiiis, the operator is freed from con- 
cern with manual ])lug-on attenuators and dynamic signal 
range over the complete range of 5 mV/div' to 20 V/div. 
If the signal can be positioned or offset to fall within 
the viewing area, the amj)lifier is operating linearly. 
Tlie sensitivity at the probe tij) may be read directly 
from the front ])anel or from the auto-scale readout. 

A second mode of operation is provided via a BNC con- 
nector on the front ])anel. When the full caj)ability of 
tlie system is not reciuired, the jirobe is stored internally 
and is accessilile via a fiont ]ianel l^NCJ connector. Stor- 
age space for jirobe accessories is also [irovidcd witliin 
the plug-in. 

The 7A11 FET/ Probe Amplifier jirovides 150MI-I/ 
bandwidth (2.4 ns risetime) in the 7704 and 90 MFIz 
bandwidth (3.9 ns risetime) in the 7504. 'Phe capaci- 



The 7A11 Probe/ Amplifier and the P6052 and P6053 probes offer new versatility in probe usage. Each probe is coded to en- 
sure the correct readout, regardless of attenuation used, and contains a push-button trace-identify feature. 
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tancc is a 1 unction of the attenuators and is 5,8 pF from 
5 mV to 50 mV/div; 3.4 pF from 0.1 V to IV /div; and 
2.0 pF from 2V to 20V/div, When the front-panel 
BNC connector is used, approximately 1 pF is added to 
the input capacitance. 

All 7-series amplifier plug-ins arc equipped with special 
signal input connectors, Tliese consist of a BNC connec- 
tor witli a concentric outer ring that is connected to tlie 
readout circuitry. The amount of resistance between the 
outer ring and ground determines the attenuation factor 
to be used by the auto scale-factor readout. For example, 
a lOX probe has a 13 kQ resistance connected between 
the outer ring and ground. In addition, when the ring 
is shorted to ground the circuitry acts as a trace identifier 
and shifts the trace on the screen. 

Two new coded passive probes are currently provided. 
The P6052 is a DC-30 MHz dual-attenuation probe de- 
signed for low-frequency applications. A sliding collar 
on the probe barrel .selects IX or lOX attenuation and 
a push button provides a trace-identify feature. The 
P6053 is a miniature lOX probe designed for the Tek- 
tronix 7-Series amplifier plug-in units. The probe has a 
rise time of 1.2 ns (290 MHz bandwidth) and also pro- 
vides a push button for trace identification. 



The C50/51 camera offers a new ease in waveform photog- 
raphy. When used with auto scaie-facior readout the user 
is assured of recording the essential information of his oscil- 
loscope display. 



Two compact semi-automatic cameras have been devel- 
oped for use with all Tektronix 7000-Series Oscilloscopes. 
The G-50 (f/1.9, 1:0.7) and G-51 (f/1.2, 1:0.5) differ 
only in the lens system. Both cameras provide range- 
finder focusing to assure correct focus for every exposure. 

By depressing a spring-loaded focus control, two light 
bars arc j)ix)j(x:ted on tlie CRT screen. The operator 
turns the focus control until the bars merge, and when 
tlie control knob is released, the camera is locked in 
focus. 

Both cameras use electrically controlled shutters and pro- 
vide a trace brightness photometer to determine the 
correct exposure. The operator sets the ASA index, de- 
presses the f knob until the photometer brightness 
matches the trace intensity and releases the f knob. The 
camera will now automatically track to keep the same 
exposure if either the f knob or shutter speed is changed. 
A .shutter open lamp is lighted when the shutter is open 
at shutter speeds of 1/8 second or slower, and in the 
TIME and BULB modes. Power for the camera is 
obtained through the oscilloscope bezel .so that no ex- 
ternal power cord is required. 

The SINGLE-SHOT mode offers the operator additional 
features. When the SHUTTER push button is depressed, 
the shutter opens and the camera provides a reset pulse 
to arm the oscilloscope sweep. If the +GATE is con- 
nected to the camera, the shutter control circuit will 
close 5 seconds after the sweep has occurred. The light 
then extinguishes to alert the operator that the shutter 
is closed, 

A new Scopemobile® Gart is specifically designed to ac- 
commodate 7000-Series Oscilloscopes. The Type 204-2 
features 9 tiltlock positions, holds 5 plug-ins and provides 
a large drawer for storage. A locking mechanism on the 
Scopemobile goes through the oscilloscope mainframe 
securely fastening the instrument to the tray. 



15 












TROUBLESHOOTING THE SWEEP CIRCUITS 



By Charles Phillips 

Product Service Technician, Factory Service Center 

This fifth article in a series discusses troubleshooting 
techniques in the sweep circuits of Tektronix instru- 
ments. For copies of the preceding four TEKSCOPE 
articles^ please contact your local field engineer. 

Tektronix sweep circuits are designed to develop a linear 
sawtooth voltage over a wide range of sweep times. Linear 
sawtooth voltages ensure that the waveform passes through 
a given number of volts during each unit of time. The saw- 
tooth rate of rise (or fall) is set by the normally calibrated 
TIME/DIV control. This sawtooth voltage is then proc- 
essed in the horizontal amplifier and applied to the plates 
of the CRT, resulting in the horizontal deflection of the 
electron beam. 

As a result, the cathode-ray beam is swept horizontally to 
the right through a given number of graticule divisions dur- 
ing each unit of time — the sweep rate being controlled by 
the TIME/DIV control. In this manner, a baseline is pro- 
duced that is proportional to discrete amounts of time (de- 
termined by the TIME/DIV control). By measuring the 
distance between two different horizontal points on the CRT 
display a time difference reading may be easily made. 

Delaying sweep oscilloscopes are quite common and provide 
two separate complete sweep systems. The first, or delaying 
sweep, provides a delayed sweep trigger just prior to the 



moment when the signal of interest occurs. Generally, a 10- 
turn multiplier dial used with the TIME/DIV control pro- 
vides a continuously variable sweep trigger and initiates the 
delayed sweep at the desired time. Delaying sweep oscillo- 
scopes provide both increased measurement resolution and 
accuracy. 

Modern time- base generators generally consist of five main 
circuits: a sweep gating multivibrator, a Miller runup (or 
rundown circuits (sawtooth generator and disconnect 
diode), holdoff circuitry, sweep lockout circuitry, and auto- 
matic sweep generator circuitry. In addition, the sweep cir- 
cuit provides the unblanking signal to the CRT and often 
a sawtooth and/or gate output on the instrument panel. 

Sweep generators make use of operational amplifier tech- 
niques to obtain their required linearity. As a result, if 
circuit problems appear, they are sometimes difficult to 
troubleshoot because of the feedback loops involved. Usu- 
ally the feedback loop must be broken in order to localize 
the circuit problem. 

When troubleshooting an oscilloscope sweep circuit, examine 
the simple possibilities before proceeding with extensive 
troubleshooting. The following list provides a logical se- 
quence to follow while troubleshooting sweep circuitry. 

1. Observe CRT display characteristics. 

2. Check control settings. 

3. Isolate trouble to block. 
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4. Thorough visual check. 

5. Check voltages and waveform. 

6. Check individual components. 

When troubleshooting sweep circuits, free run the sweep to 
be certain that the trigger circuitry is not inhibiting sweep 
operation. Gate and sawtooth output connectors provide a 
quick check of circuit operation and may provide a clue to 
the problem. If no outputs are observed, check to be certain 
that trigger inputs are gating the sweep gate circuits. 

Holdoff and feedback operation may be checked by monitor- 
ing the cathode of the holdoff circuit. Check to see if the 
cathode of the holdoff cathode follower follows the action 
of the sweep length control. A similar check is to vary the 
stability control while monitoring the lockout multivibrator 
cathode. These two blocks comprise most of the feedback 
path and if their cathode follower action is inoperative, the 
problem is quickly localized. 

TECHNIQUES 

A Tektronix Type 575 or Type 576 is very useful to check 
tunnel diodes in the circuit (in most cases). If there is any 
doubt of device performance, one end may be lifted. Con- 
nect test leads directly across the TD. Set the vertical sensi- 
tivity on the 576 to cover the sensitivity of the diode under 
test and the horizontal to .1 V/div. (Typical TD’s have a 
horizontal switching voltage ol volt.) The waveform is 
not exactly like an out-of-circuit check, but in most cases, 
it indicates whether the TD is working properly. This pro- 
cedure prevents mechanical strain or excessive heat from be- 
ing applied to the TD. The photos below show an in-cir- 
cuit and out-of-circuit check being made on the same TD. 
Interaction caused between the test leads and the circuit 
will sometimes produce a cluttered trace, but switching can 
nearly always be detected. 

Noisy resistors can also be checked dynamically (with power 
off on instrument under test) on a Tektronix Type 576. Con- 
nect test leads from the sockets on the 576 to the resistor 
under test. Use the emitter test lead for the low point of the 



resistor under test and the collector lead for the high point. 
With the collector sweep in polarity, dial in the proper 
amount of voltage. (If you don’t know how' much voltage 
to use — turn the instrument on and check the voltage drop 
across the resistor with a meter first.) Next, set the horizon- 
tal and vertical switches on the 576 to display the waveform 
on screen. Noisy resistors will show as an intermittent or 
broken line. The photo below shows a defective resistor that 
appeared normal with an ohmic check. 

Often it is necessary to start the sweep gating multivibrator 
manually. If the sweep does not run, ground the collector 
of the sweep gating multivibrator (e.g. Q504 in a Type 453) 
and monitor the collector of the sawtooth sweep rundown 
circuit. This should cause the sweep to rundown and let you 
troubleshoot in a normal manner. 

Breaking the feedback loop is often helpful in large opera- 
tional amplifiers. One technique that can be used is to pull 
the transistor from the reset emitter follower and ground the 
emitter terminal (e.g. Q543 in a Type 453). A sweep should 
occur each time the point is grounded. Or remove the reset 
multivibrator (e.g. Q585 in a Type 453) and apply an exter- 
nal positive DC voltage at the collector terminal to “brute 
force” the sweep to run. (The Type 576 is again convenient 
for this application.) Often a 10-kJ2 minipot connected as 
shown will work nicely and will plug right into the transistor 
socket. This is a convenient method since the internal volt- 
age from the collector supply may be used as the voltage 
source. 




A mini pot connected into a transistor socket as shown is a 
convenient way to “brute force“ the sweep. 




Series of waveforms iliustrating the use of the Type 576 Curve Tracer as a versatile troubleshooting tool. Left: In-circuit TD 
check. Center: out-of-circuit TD check. Right: Noisy resistor. 
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Another technique is useful when timing delaying sweep os- 
cilloscopes. The horizontal display is set for A delayed by 
B with A sweep free running. Start with the fastest B 
sweep where A can be run 100 times faster than B. This 
will make each cm equal to 0.1%. Set the delay time multi- 
plier to 8.95. This will move the 9th marker to center screen 
for 0% tolerance. 

Each cm to the left of center screen now equals — .1% error 
and each cm to the right equals +.1% error. Start with time 
marks of the same speed as the B sweep. If the 9th marker 
shows up on screen, the error can be read directly + or — 
from how far it is from center screen. Decrease sweep speeds 
(A and B) by 1 switch setting until each range of the delay- 
ed sweep is checked. When two markers show up on screen, 
it is time to switch the time-mark source to the next lower 
decade to match the B-sweep TIME/CM setting. If the 
pulse is off-screen, use the delay time multiplier to position 
the pulse on .screen and read the number of minor divisions 
that it takes. Each minor division is equal to 0.1%. 

TYPICAL SWEEP TROUBLES (TUBE) 

1 . Sweep shortens at faster sweep speeds. 

Check: The sawtooth output cathode follower may l^e 
loading the circuit. Remove the sawtooth cathode fol- 
lower and note whether the problem disappears. If the 
trouble is not in this stage, then check the output stage 
of the horizontal amplifier. 

2. Sweep non-linear at the left side of the CRT. 

Check: Faulty holdoff circuit operation may be causing 
the problem. Check holdoff cathode follower for gassy 
tube or improper circuit operation. 



3. Sweep shortens on right side of the CRT when sweep is 
triggered. 

Check: An open diode in the positive trigger clipper cir- 
cuit may inhibit positive clipping of the sweep gate input 
and cause premature rundown of the sweep. 

4. Sweep tends to free run at different sweep speeds when 
triggered at other speeds. 

Check: Preset stability is misadj listed or lockout multi- 
vibrator circuit operation is weak. 

5. Sweep will not run by itself, but will start when shock 
excited (i.e., rotating the TIME/CM switch). 

Check: Start-stop multivibrator circuit failure will show 
these characteristics. Check the tube and circuitry. Off- 
tolerance precision (1%) re.sistors in this circuit will 
sometimes cause this problem, 

6. Sweep non-linear or inaccurate at slow sweep speeds. 
(In extreme cases, .spot may stop part way through the 
sweep. ) 

Check: Disconnect diodes should be tested. Check for 

proper operation by starting the .sweep, and then remov- 
ing the disconnect diode and see if problem clears itself. 
The sweep will run for one sweep and stop. Replace 
diode and repeat procedure if necessary to get a better 
look. If this procedure clears up the problem, the dis- 
connect diode is faulty (leaky or gassy). 

7. Sweep non-linear at some TIME/CM settings; normal 
operation at others. 

Check: Miller runup circuit may be leaky. Check for 
gassy Miller tube. 
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8. Sweep timing off at several of the slower sweep speeds 
(below Ims/div). 

Check: Suspect precision timing resistors. Many older 
oscilloscopes used brown A-P resistors on the sweep tim- 
ing .switches. These resistors changed value with age 
and should all be changed. 

9. Delayed sweep operation, normal; delaying sweep oper- 
ation, normal but cannot obtain triggered delayed sweep 
when using both sweeps. 

Check: Suspect weak or defective delayed sweep trigger 
amplifier. 

10. Sweep timing accuracy long in the .1, .2, and .5 ms/div 
range. 

Check: Unsolder one end of the small padder capacitor 
in parallel with the .001 jxF timing capacitor located on 
the A sweep timing switch and monitor timing. If 
timing is improved, remove the small capacitor. 

11. Erratic starting of sweep. 

Check: Noisy resistor in sweep start-stop circuit or poor 
connection of high voltage anode lead can cause this 
problem. 

12. Erratic sweep operation, sweep start is not erratic. 

Check: Noisy or heater cathode leakage in disconnect 
diode may cause this problem. 



TYPICAL SWEEP TROUBLES (TRANSISTOR) 

The operation of transistorized .sweep circuitry is generally 
similar to the tube type circuitry. Some additional specific 
checks that may be useful are: 

1. Sweep inoperative. 

Check: Check the sweep gate transistor and the sweep 

TD. If these operate properly, then check the fixed divid- 
er at the input of the sweep reset multivibrator for proper 
value. 

2. Sweep inoperative. 

Check: If normal troubleshooting doesn’t produce a trace 
(see techniques), check the sweep length circuit. A diode 
failure or bad switch contact in the sweep length circuit 
may cause an inoperative .sweep. 

3. Sweep timing error at different sweep speeds. 

Check: Gallium-arsenide diodes used in the sweep discon- 
nect circuit may be defective. Replace if necessary. 

4. Sweep jitter. 

Check: Gallium-arsenide diodes used in the sweep discon- 
nect circuit may be defective. Replace if necessary. 



USED INSTRUMENTS FOR SALE 



1— Type 526, SN 1544. Price: $1295. 

Contact: Donald K. McConnell. General 
Electrodynamics Gorp., 4430 Forest 
Lane, Garland, Texas 75040. Telephone; 
(214) 276-1161. 

l“Type 514D. Excellent condition. 
Price: $400. Contact: Dr. William Carr, 
Southern Methodist University, Dallas, 
Texas 75222. Telephone: (214) 363- 

5611, extension 2221. 

1— Type 524AD/202-1, SN 7750. Two 
years old. Price: $1000. Contact: Dave 
Sanders or Charlie Henry, American 
Microwave & Communications, 203 
Stephenson Avenue, Iron Mountain, 
Michigan 49801. Telephone: (906) 

774-2923. 

1 — Type 422. New. Price: $1,250. Con- 
tact; Ellsworth M. Cochran, 7805 
Laurel Ave., Cincinnati, Ohio 45243. 



1 — ’Type 514D, SN 1348. Excellent con- 
dition. Price: $250. Contact: Robert 

Bartell, RD 2, P.O. Box 31, Kingston, 
New York 12401. Telephone: (914) 
331-9019. 



1 — Type 545 with D plug-in unit. 
Price: $1,100. Contact: Dr. J. McConn, 
Cornell University, Division of Biologi- 
cal Sciences, Savage Hall, Ithaca, New 
York 14850. Telephone: (607) 

275-4809. 

1 — Type 5 35 A. 1 — Type 545 A. Several 
plug-ins for 530/540 Series. 1 — Type 
515A. 1 — Type 575. Contact: Harry 

Posner, Pacific Certified Electric. Tele- 
phone: (213) 225-1584. 

1— Type 3A72, SN 4690. Price: $200. 

1 — Type 53A. Price: $35. Contact: Mr. 
Myhre, Mission Engineering, Inc., Hia- 
watha, Iowa 52233. Telephone: (319) 
393-2253. 

1 — Type 310A Contact: Don Pagan, 

Varian Data Machines, Irvine, Califor- 
nia. Telephone: (714) 833-2400. 

1 — Type 310A, SN 014771. Price: Best 
offer. Telephone: (415) 326-6200 

Extension 2619. 

1 — Type 55 1„ SN 3247. Excellent con- 
dition. Price: $1350. Contact: Wayne 
Hunter, Exact Electronics, Hillsboro, 
Oregon 97123 Telephone: (503) 

648-6661. 
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1— Type 551, SN 002812. 1— Type CA, 
SN 027013. 2— Type B, SN 011852 and 
SN 018247. Will sell as a unit for 
$700. Contact: Jim Rogers, Pacific 

Assemblers, 4500 Campus Dr., Suite 
524, Newport Beach, California 92660. 
Telephone: (714) 540-0030. 

1 — Type 454 with cart. Approximately 
one year old. Perfect condition. Price: 
$2500. Contact; Robert Crawford, 124 
West 86th St., New York, New York 
10024. Telephone: (212) 787-6715. 

— Type 321, SN 003443. Has batteides. 
Price: $400. Contact: Evans Wheeler, 
539 South Raymond Ave., Pasadena, 
California 91101. Telephone (213) 
449-5650. 

1 — Type 533A, SN 4859 with Type B 
Plug-In, SN 19959. Excellent condition. 
Used 100 hours. Price: $675. Contact: 
Henes Manufacturing Go., 4301 East 
Madison St., Phoenix, Arizona 85034. 

Sampling dual-trace and time-base plug- 
ins for 560 series. 1 — Type 3S76. SN 
408. 1—Type 3T77, SN 437. 2— type 
P6032. All like new condition. Purchase 
date 4/31/62. Contact: Burr-Brown Re- 
search Corp., Tucson, Arizona 85706. 
Telephone: (602) 294-1431. 
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a new logic for oscilloscope displays 



Placing the mode switching function in the 
oscilloscope mainframe, where it logically be- 
longs, greatly enhances the flexibility of the 
plug-in concept. This new development, cou- 
pled with an instrument design that accepts up 
to four plug-in units and provides an 8 x 10 cm 
display, offers unprecedented versatility in os- 
cilloscope performance. 

The new Tektronix 7000 Series provides the most ver- 
satile oscilloscope switching to date. Historically, verti- 
cal switching has taken place in the plug-in instead of 
in the oscilloscope. By placing the switching capability 
in the mainframe, many of the typical limitations are 
overcome and a number of advantages are available. No 
longer is the user limited to a choice of any one of two 
or three dual- trace plug-in units. A wide selection of 
multi- trace options is provided, since switching is be- 
tween plug-in units and therefore performance param- 
eters may vary greatly. Thus, the user can select the 
two vertical plug-ins most appropriate for his measure- 
ment, and still have multi- trace performance. 



COVER — The composite mask of the M036 Channel 
Switch iC symbolizes the versatility provided by the 
mainframe switching capability of the 7000 Series. 
See back cover. 



MAINFRAME LOGIC 

There are 20 possible combinations of VERTICAL 
MODE and HORIZONTAL MODE switch settings. 
The total number of possible display configurations is 
multiplied further by: (1) the variety of plug-ins avail- 
able for use with this instrument (i.e., voltage amplifiers, 
current amplifiers, sampling units, etc.), (2) the inter- 
changeability of plug-ins (i.e., an amplifier or time-base 
unit can be installed in either of the vertical or horizontal 
compartments or both) and (3) the capabilities of the 
plug-in units which are used in these instruments (e.g., a 
dual-trace vertical unit can be used in either of the two 
single-channel modes, in either dual-trace modes, or 
added algebraically; a delaying time base may be used 
either for a normal sweep or for delayed sweep). The 
table at right illustrates the combinations available for 
single-channel vertical and horizontal units used in the 
conventional Y-T mode. 

The mainframe logic accepts the plug-in outputs and 
time-shares the CRT to provide the appropriate display. 
Thus, the operation of each plug-in is continuous and 
independent. The mainframe sequentially selects and 
applies plug-in outputs to the vertical and horizontal 
deflection plates respectively. The time interval and 
sequence in which plug-in outputs are displayed depends 
on which combinations of display modes are used. 

The basic system is set up to sweep -slave the middle two 
plug-ins and the outer two plug-ins together (VERT 
M0DE~ALT and HORIZ MODE— ALT or CHOP) . 
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SWITCHING LOGIC 



VERTICAL 


HORIZONTAL 






MODE 


MODE 


SOURCE OF DEFLECTION 


DISPLAY 




A 


Vertical— single unit; horizontal-single 


Single-trace. 


LEFT 


B 


unit. 




ALT 


Vertical— single unit; horizontal— two 


Dual-trace— independent dual time- 






CHOP 


units. 


base— simultaneous DELAYING and 
DELAYED sweep. 




A 


Vertical— two units; horizontal— single 


Dual-trace. 


ALT 


B 


unit. 




ALT 


Vertical — two units; horizontal— two 


Dual-trace— independent “dual-beam” 






CHOP 


units. Sweep slaving between LEFT 


operation— X-Y, Y-T— dual-trace delay- 






VERT and B HORIZ plug-ins and 


ing sweep— dual-beam X-Y (CHOP 






RIGHT VERT and A HORIZ plug-ins. 


ONLY). 




A 


Vertical— algebraic summation of two 




ADD 


B 


units; horizontal— single unit. 


Single-trace— algebraic addition of two 
or more signals— dual-trace delaying 


ALT 


Vertical— algebraic summation of two 




sweep— raster capability. 




CHOP 


units; horizontal— two units. 


CHOP 


A 

B 


Vertical— two units; horizontal— single 
unit. 


Dual-trace. 


ALT 


Vertical— two units; horizontal— two 


Four-trace— each vertical displayed at 




CHOP 


units. 


two sweep speeds — dual-beam X-Y. 




A 


Vertical— single unit; horizontal— single 


Single-trace. 


RIGHT 


B 


unit. 




ALT 


Vertical— single unit; horizontal— both 


Dual-trace— independent dual time- 






CHOP 


units. 


base— simultaneous DELAYING and 
DELAYED sweep. 



Thus, the right vertical plug-in is displayed at the sweep 
rate of the A horizontal plug-in and the left vertical 
plug-in is displayed at the sweep rate of the B horizontal 
plug-in (non-delayed sweep only). One reason for this 
particular choice is to allow for the possibility of multiple 
width plug-ins for the future. Since there are no vertical 
dividers in the plug-in compartment, maximum future 
flexibility is provided. 

For delayed-sweep operation, a different display sequence 
occurs. First, the LEFT VERT unit is displayed at the 
sweep rate of the time-base unit in the A HORIZ 
compartment (delaying sweep) and then at the sweep 
rate of the time-base unit in the R HORIZ compart- 



ment (delayed sweep). The vertical display then shifts 
to the RIGFIT VERT unit and is displayed consecutively 
at the delaying and delayed sweep rate. The figures 
below show three of the possible switching configura- 
tions. 

The CHOP HORIZ mode provides a display that has 
not been possible before. In this mode, the outputs of 
the A and B horizontal plug-ins are continuously 
switched and displayed on the CRT. If the two hori- 
zontal plug-ins are time bases, then the CHOP mode 
displays both at what appears to be the same time. The 
chopping is not normally discernible since the sweep 
switching occurs non synchronously with the sweep. 



fiS 




0.5 




A SWEEP 
DURATION 



LEFT 

VERT 



B SWEEP 
DURATION 



RIGHT 

VERT 



TIME I TIME ‘ TIME I TIME 
BASE BASE BASE BASE 

A B A B 



VERTICAL MODE— ALT HORIZONTAL MODE— CHOP 
ONE DUAL-TRACE (CHOP) AND ONE SINGLE- 
CHANNEL PLUG-IN 
TWO TIME-BASE PLUG-INS (CHOP) 



VERTICAL MODE— CHOP HORIZONTAL MODE- 
CHOP 

TWO DUAL-TRACE VERTICAL PLUG-INS (CHOP) 
TWO TIME-BASE PLUG-INS 



VERTICAL MODE— ALT HORIZONTAL MODE— ALT 
TWO SINGLE-TRACE VERTICAL PLUG-INS 
TWO TIME-BASE PLUG-INS (DELAYED-SWEEP 
OPERATION) 



Three of the many possible switching configurations are shown above. 
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The CHOP horizontal configuration provides the ability 
to obtain an equivalent dual-beam single-sweep capa- 
bility. The maximum sweep speed limitation is depen- 
dent upon the horizontal chop rate. Since the horizontal 
chop rate requires a 2-/zs segment for each plug-in and 
the vertical chop rate requires a 0.5-/zs segment, the 
fast sweep limitation is basically the horizontal chop rate. 
Thus, two simultaneous single events may be monitored 
at sweep speeds as fast as 50 g.s/div. The photo below 
illustrates this capability. 

A second advantage of the CHOP horizontal configura- 
tion is that the intensity level of different sweep speeds 
may be more closely matched. Because the sweep-speed 
ratios may be quite diverse (2,500,000,000:1 is avail- 
able in calibrated sweeps with the 7B70 Time-Base Unit) , 
the Alternate mode in many cases can have too great 
an intensity lev^el difference to display the faster sweep. 
Chopping, however, helps a great deal to balance the 
different sweep intensities. 




The horizontal CHOP mode monitors two independent single- 
occurrence events simultaneously and provides a dual-beam 
capability to approximately bOfis/div, 



Selection of internal trigger signals for both sweeps is 
provided on the front panel. For most applications, these 
switches can be set to the VERT MODE positions. This 
position is the most convenient since the internal trigger 
signal is automatically switched as the VERTICAL 
MODE swatch is changed or as the display is electroni- 
cally switched between the LEFT VERT and RIGHT 
VERT plug-ins in the ALT position of the VERTICAL 
MODE switch. It also provides a usable trigger signal 
in the ADD or CHOP positions of the VERTICAL 
MODE switch, since the internal trigger signal in these 
modes is the algebraic sum of the signals applied to 




The unique mainframe switching of the 7000 Series provides 
a new versatility in signal and triggering processing. 



the vertical plug-in units. This technique pi'events the 
time base from triggering on the vertical CHOP signal. 
The VERT MODE ensures that the time-base units 
receive a trigger signal regardless of the VERTICAL 
MODE sw'itch setting, without the need to continually 
change the trigger source selection. 

If correct triggering for the desired display is not 
obtained in the VERT MODE position, the trigger 
source for either the A HORIZ or B HORIZ time-base 
unit can be changed to obtain the trigger signal from 
either the LEFT VERT or RIGHT VERT plug-in. The 
internal trigger signal is obtained from the selected 
vertical compartment wLether or not the plug-in in that 
compartment is selected for display on the CRT. 

One of the most unique aspects of the NEW 7000 Series 
is the ability to simultaneously use different methods 
of analyses. Thus, the identical signal can be observed 
both X-Y and Y-T. A sampling display (X-Y or Y-T) 
may be compared against a high-impedance conventional 
display, and a raster display (T-T) may be displayed 
simultaneously with an X-Y or Y-T display, or both. 
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A unique Z-axis configuration available on 7000-Series 
instruments enhances this multiple display capability. 
Two inputs are provided for maximum user versatility 
in Z-axis modulation applications. HIGH SPEED re- 
quires 60 volts peak-to-peak to provide trace modulation 
over the full intensity range from DC to 100 MHz 
(7704). HIGH SENS requires only 2 volts peak-to- 
peak to provide full intensity range from DC to 2 MHz. 

Three outputs are provided on the front panel of the 
7000 Series. A positive sawtooth output provides a 
sample of the sawtooth signal from either of the plug-in 
time bases. The rate of rise of the signal is approximate- 
ly 50mV/div into a 50-Q load or approximately 1 volt/ 
div into a 1-MQ load. 

The + GATE output provides a positive-going rectan- 
gular output pulse from either A or B time base, on the 
delayed gate from an A delaying time-base unit. The 
amplitude of the 4~ GATE is approximately 0.5 volts 
into 50 Q or approximately 10 volts into 1 MQ. 




The 7000 Series allow simultaneous use of different methods 
of analyses. Thus, both X-Y and Y-T presentations may be 
monitored to obtain additional information from the display. 



The SIG OUT connector provides a sample of the verti- 
cal deflection signal. The source of signal is determined 
by the position of the B trigger source. In the VERT 
MODE position, the output signal is determined by the 
setting of the VERTICAL MODE switch. In the ALT 
position of the VER7TCAL MODE the output signal 
switches between vertical units along with the CRT 
display. CHOP and ADD both provide a composite 
signal output. The output voltage into 50 Q is approxi- 
mately 25 mV/ div of the CRT display. Into a 1-MQ 
load, the output voltage is approximately 0.5 V/div, The 
bandwidth of the output signal is determined by the com- 



bination of plug-in and oscilloscope. The 7704 and 
7A11 or 7A16 provide a DC-60 MHz vertical signal 
output capability. 



AMPLIFIER PERFORMANCE 

The initial offering of 13 plug-ins contains 7 amplifier 
units (including a sampling amplifier). Up to four 
amplifier units may be displayed (dual X-Y displays), 
but the most common configuration is two amplifier 
units in the LEFT VERT and RIGHT VERT com- 
partments. The wide range of units available include 
wide-band amplifiers, dual-trace amplifiers, differential 
comparators, current probe amplifiers, and high gain 
differential amplifiers. 

The basic accuracy of most amplifier units is specified 
at 2% over the temperature range of 0° to 50° C. The 
exceptions to this are 1J^% for the differential com- 
parator unit and 3% for the sampling amplifier unit. 
All amplifier units contain an INVERT position and 
an IIOENTIFY button which deflects the trace slightly 
and identifies the appropriate Auto Scale-Factor Read- 
out area. 

An X-Y compensation option is available for applica- 
tions requiring precise phase measurements. The option 
consists of a network to compensate for the differences 
in vertical and horizontal delays allowing phase shift 
to be adjusted to less than 2° from DC to 2 MHz. 

The 7A11 amplifier is a new concept in high input im- 
pedance (1 MQ) amplifier FET probe design offering 
5 -mV, 1 50- MHz performance in the 7704 and 5 -mV, 
90-MHz performance in the 7504. Capacitance is a 
function of the attenuators and is 5.8 pF from 5 mV 
to 50 mV/div; 3.4 pF from 0.1 V to I V/div; and 2.0 pF 
from 2 V to 20 V/div. One volt (zb) of DC offset is 
provided as well as an output jack for monitoring of 
the offset voltage. 

A unique captive probe design that is an integral por- 
tion of the plug-in allows a design much easier to use 
than present FET probes. Two stacked attenuators and 
a FET amplifier are contained in the probe and are 
relay-switched by the front-panel VOLTS/DIV control. 

The result is a FET probe that is small in size with no 
bulky amplifier to mount to the oscilloscope. The probe 
cannot be made to clip or limit the signal on the CRT 
by an incorrect combination of input attenuator and 
plug-in sensitivity. The operator is thus freed from con- 
cern with manual plug-on attenuators and dynamic sig- 
nal range. If the signal can be positioned or offset to 
fall within the viewing area, the amplifier is operating 
linearly. The sensitivity at the probe tip may be read 
directly from the front panel or from the auto scale- 
factor readout on the CRT. 
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Lower trace-conventional display. Upper trace — sampling 
display provides increased time resolution. 



A second mode of operation is provided via a BNC con- 
nector on the front panel. When the full capability of 
the system is not required, the probe is stored internally 
and is accessible via a front panel BNC connector. In this 
mode, approximately 1 pF is added to the input capaci- 
tance. 

The 7A12 is a 1-MQ^ 5-mV dual-channel plug-in ampli- 
fier that is the basic building block for two, three and 
four- trace operation. The 7A12 provides 105-MHz per- 
formance in the 7704, and 75 MHz in the 7504, with an 
accuracy of 2% over the 5-mV/div to 5-V/div deflec- 
tion factor range. In addition to the 5 display modes 
(Channel 1, ALTERNATE, CHOP, ADD, Channel 2), 
a trigger source allows selection of either Channel 1 or 
Channel 2. An additional position is included for opera- 
tor convenience. In this position, the trigger source is 
automatically locked to the display mode. Thus, when 
Channel 1 is selected as the display mode, Channel 1 
is automatically selected as the trigger source. The only 
exception to this is in CHOP, where the triggering is 
the same as in the ADD mode, 

A feature new to dual-trace operation is the volts DC 
offset provided to allow ±1000 cm of offset on all 
ranges for both channels. Thus, the user can make DC- 
coupled measurements of low-amplitude signals that 
‘'ride” on DC levels. This DC offset makes the 7A12 
truly a versatile instrument. 

The 7A13 is a differential comparator plug-in ampli- 
fier that incorporates a number of performance features 
in the same instrument. As a conventional 1-MQ input 
impedance amplifier, the 7A13 maintains constant band- 
width (100 MHz in the 7704, 75 MHz in the 7504) over 
a 1 mV/div to 5 V/div deflection factor range. A 5-MHz 
bandwidth position is provided to minimize noise in the 
lower frequency applications. As a differential amplifier, 
the 7A13 maintains its conventional features, and pro- 



vides a CMRR of 20,000:1 from DC to 100 kHz, de- 
creasing to 1000:1 at 10 MHz. 

The 7A13 features an in-line digital readout of compari- 
son voltage. The decimal point for the comparison volt- 
age is coded by the probe in use and automatically indi- 
cates the correct voltage as referenced to the probe tip. 
The ±10 volts of offset provides an effective 10,000- 
centimeter display on the 1 mV/div range, of which any 
8-cm “window” can be displayed. 

A Vc REF button applies the comparison voltage to both 
input gates. The “null” is established using Vc instead of 
a ground reference, and results in a simplified method of 
obtaining a zero reference. 




The 7704 and the 7A16 Amplifier provide a 5-mV, 2.4 ns 
capability. Note the excellent long-term and short-term 
response characteristics. 



The 7 A 14 is an AC current probe amplifier which pro- 
vides constant bandwidth (dependent on the current 
probe and mainframe) over the 1-mA/div to 1-A/div 
calibrated deflection factor range. Both the P6021 and 
P6022 AC current probes may be used with the 7 A 14. A 
special BNC input connector senses the type of current 
probe, and .switches in the proper internal compensation 
circuit. An invert switch on the plug-in allows an in- 
version of the current waveform and eliminates the need 
to physically reverse the probe. 

Two current probes are presently offered for use with 
the 7 A 14. The P6021 is optimized for low-frequency 
response. It has a lower — 3 dB point of 30 Hz and an 
upper “3 dB point of 45 MHz in the 7504 and 50 MHz 
in the 7704. The P6022 is designed for high-frequency 
response. The lower frequency ~ 3 dB point is 250 Hz 
with an upper — 3 dB point of 75 MHz in the 7504 and 
105 MHz in the 7704. 
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The 7A16 is a wideband amplifier with a deflection- 
factor range of 5mV/div to 5V/div. 150-MHz per- 
formance is provided in the 7704 and 90- MHz perform- 
ance in the 7504. The unit provides a 1-MQ, 15-pF 
input and employs a thick-film drum attenuator for 
excellent frequency response. Bandwidth is selectable 
at FULL or 20 MHz for user convenience. 

The 7A22 is a high-gain differential amplifier with 
10-,uV, 1-MHz performance characteristics. The dis- 
played noise (tangentially measured) at full bandwidth 
is held to 16/,/,V. Drift is held to less than 5,uV/min 
and 10/tV/h. Both HF ~3dB points and LF — 3dB 
points may be selected from the front panel to reduce 
the displayed noise for any given measurement. An 
offset feature provides zh 1 \olt at small deflection fac- 
tors, ± 10 volts midrange, and zb 100 volts at large 
deflection factors. The CMRR of the instrument is 
100,000:1 from DC - 100 kHz. 

TIME^BASE PERFORMANCE 

Four time-base units are presently available for use in 
the 7000-Series Oscilloscopes. All four make extensive 
use of push buttons for simplified operation. For the 
most commonly used mode, it is only necessary to de- 
press the upper push button in each row. Twelve push 
buttons control MODE, SOURCE, and COUPLING. 
The 7B50/51 were primarily designed for the 7504 and 
the 7B70/71 were primarily designed for the 7704. The 
primary differences between the 7B50/51 and 7B70/71 
are maximum sweep speed and trigger bandwidth (5 ns, 
100 MHz or 2 ns, 200 MHz) . The plug-in front panels 
are identical except for the fastest sweep speed range. 
Any time base may be used in any mainframe although 
maximum calibrated sweep speed may become a factor. 
For example, the 2-ns position of the 7B70/71 would 
not be calibrated if used in the 7504. A notation on 
each mainframe labels the fastest calibrated TIME/ 
DIV. 

The 7B50 and 7B70 are typically used as delayed -sweep 
units and also contain provision for external horizontal 
operation, 25 mV/div or 250 mV /div. 

The 7B51 and 7B71 are typically used as delaying-sweep 
units and contain del ay- time multiplier circuitry with 
a jitter specification of 1 part in 50,000. 

A new trigger circuit is featured that greatly simplifies 
trigger operation. The peak -to- peak auto trigger cir- 
cuit detects the peak-to-peak excursions of the displayed 
waveform, stores the value in the peak-to-peak memories, 
and matches the range of the level control to the range 
of the displayed signal. Should the amplitude change, 
the memories will automatically respond. Thus, positive 
triggering is ensured for all positions of the LEVEL/ 
SLOPE control regardless of signal amplitude. In addi- 
tion, trigger level and slope are incorporated into one 
control with the slope being relay-switched as the 
LEVEL/ SLOPE control passes through 0® and 180°. 




The repetitive signal input forward-biases the peak detectors 
(D1 and D2) and allows peak-to-peak memories C1 ■ and C2 
to become positively and negatively charged, respectively. 
This level is impressed across the LEVEL control and allows 
full sensitivity for all amplitudes of trigger signal within the 
sensitivity limits. 



With the trigger in the peak-to-peak auto position, the 
operator can go through the maximum excursions on 
either slope and never reach an un trigger able position 
on the control knob. 

The 7S11 Sampling Amplifier, the 7T11 Sampling 
Time-Base Unit, the 7M11 Dual Delay-Line and a 
complete line of sampling heads provide a complete 
sampling capability. The ability to mix conventional 
displays against sampling displays offers a unique new 
measurement capability. The 7S11 accepts any one 
of five plug-in sampling heads to cover the impedance/ 
bandwidth spectrum from 1 MQ/350 MHz to 50 Q/ 
14 GHz. In addition, the random sampling mode of 
the 7T11 allows the triggering event to be displayed 
without pre trigger or delay lines. February’s TEK- 
SCOPE will discuss in detail the performance of these 
new sampling instruments. 

The Tektronix 7504 and 7704, with their initial comple- 
ment of 13 plug-ins, represent an excellent investment 
for the future and a hedge against ob.solescence. Placing 
the mode switching capability in the mainframe results 
in a new standard of oscilloscope versatility and perform- 
ance. 

For further information on the Tektronix 7000 Series 
refer to the August 1969 New Products Supplement and 
consult your local Tektronix Field Engineer. 
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The latest Tektronix instruments are using 
digital logic functions extensively. This review 
is a brief discussion of the common symbols 
and terms used to explain some of the basic 
logic functions. 



All new Tektronix instruments are standardizing on 
the use of positive logic. Positive logic refers to the 
use of a 1 to represent the true or more positive level 
and a 0 to represent the false or less positive level (0 
volt) . A convenient method of converting the HI-LO 
logic convention to a 1-0 notation is to disregard the 
first letter of each state. Thus: 

HI = 1 
LO = 0 

Input/output (truth) tables are used with logic dia- 
grams to show the input combinations which are of 
importance to a particular function, along with the 
resultant output conditions. The tables can be given 
either for an individual device or for a complete logic 
stage. 

The basic logic circuit is the AND gate. The AND 
gates contain two or more inputs and a single output. 
The output of an AND gate is HI only when all of the 
inputs are at the HI state. A LO signal on any of the 
input terminals produces a low signal at the OUT- 
PUT. Thus, the AND gate performs the logical opera- 



tion of producing a true output signal only when all 
the input signals are simultaneously true. The circuit 
drawing illustrates a circuit in which no voltage is 
delivered to the load unless both switches are closed. 

Cr^O Cr^O 1 

SWl SW2 

> LOAD 



A second basic logic circuit is the OR gate. OR gates 
contain two or more inputs and a single output. The 
output of an OR gate is HI when one or more of the 
inputs are at the HI state. Thus, the OR gate performs 
the logical operation of producing a true output for 
the time duration that one or more of its inputs are 
true, and a false output for the time durations in which 
none of its inputs are true. The circuit drawing illus- 
trates a circuit in which voltage is delivered to the load 
where either or both switches are closed. 



<r^o 

SWl 




Cut along dotted fine. 



BASIC LOGIC DIAGRAMS 

GATES 




A 


B 


X 


HI 


HI 


HI 


HI 


LO 


LO 


LO 


HI 


LO 


LO 


LO 


LO 


HI 


HI 


LO 


HI 


LO 


LO 


LO 


HI 


HI 


LO 


LO 


LO 


HI 


HI 


LO 


HI 


LO 


HI 


LO 


HI 


LO 


LO 


LO 


LO 


HI 


HI 


LO 


HI 


LO 


LO 


LO 


HI 


LO 


LO 


LO 


HI 


HI 


HI 


HI 


HI 


LO 


HI 


LO 


HI 


HI 


LO 


LO 


LO 


HI 


HI 


HI 


HI 


LO 


LO 


LO 


HI 


HI 


LO 


LO 


HI 




Hi 


HI 


LO 


HI 


LO 


HI 


LO 


HI 


HI 


LO 


LO 


HI 





Input Output 

Condition Condition 



before af 

trigger trie 

pulse pu 

Q ^ ^ Q 

Lo hiH hT 

~H1 LOi LO 



after 

trigger 

pulse 




Input 


Output 


J 


K 


D 

Oi 


LO 


LO 


No change 


LO 


HI 


LO HI 


HI 


LO 


HI LO 


HI 


HI 


Comple- 

ment 



Input 


R 


S 


LO 


LO 


LO 

HI 


HI 


LO 


HI 


HI 



Output 

Q I Q 
vlo change 

HI " LO 
Undefined 



FLIP-FLOP INPUTS 

SET Shown by the letter S 

RESET (or CLEAR) . . Shown by the letter R 

TOGGLE Shown by the letter T 

J and K Shown by the letters J and K 

DELAY Shown by the letter D 
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The inverter amplifier is a device with one input and 
one output that is used to invert the sense of the signal. 
The output of an inverter provides the complement 
of the input. Thus, the inverter amplifier performs the 
logical operation of not producing a true output (HI) 
for the time duration that the input is true. 




Logic diagrams make extensive use of the LO-state 
indicator. A small circle at the input or output of a 
symbol indicates that the LO state is the significant 
state. The absence of a circle indicates that the HI 
state is the significant state. For example, an AND 
gate with LO-state indicator at the input is shown be- 
low, The output of this gate is only HI when the A 
input is LO and the B input is HI. A second example 
is the OR gate shown with a LO-state indicator at the 
A input. Note that the output of this gate is HI if 
either the A input is LO or the B input is HI. 
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A NOR gate is functionally equivalent to an OR gate 
followed by an inverter. The NOR gate fulfills the 
logical function of producing a HI at the output only 
when all the input signals are simultaneously LO. A 
HI applied to any input results in a LO output. 



inverted output of the NAND gate provides level res- 
toration in addition to performing a logical function. 
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Occasionally, circuits can be combined according to 
AND (or OR) function simply by having the outputs 
connected. This configuration is called a phantom OR 
(sometimes called a wired OR). Two examples are 
presented below. 




An EXCLUSIVE OR gate produces a true output 
when the input states are not identical. The output 
is false if the inputs are identical. Thus, the EXCLU- 
SIVE OR gate fulfills the logical function of produc- 
ing a HI if one and only one input is LO. A second 
configuration of the EXCLUSIVE OR (COINCI- 
DENCE) produces the complement. 
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A NAND gate is functionally equivalent to an AND 
gate followed by an inverter. The NAND gate per- 
forms the logical function of producing a LO at the 
output only when all the input signals are HI. The 



The flip-flop is a bistable device with one or more 
inputs and two outputs which performs the logical 
operation of storage. A flip-flop is a bistable circuit 
that will remain in its last state until an input causes 
it to change into its output state. Because of this 
ability to store a bit of information, the flip-flop is 
the basic building block in digital logic. The state 
of the flip-flop is available on the output line and a 
particular flip-flop is generally identified by which 
function is stored within it. Nearly all flip-flops h^e 
a second output line on which the complement (e.g., Q) 
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of the stored function is available. The other terminals 
of a flip-flop are input terminals and may receive either 
level or pulse signals, depending on the particular cir- 
cuit. 

A basic flip-flop can be drawn using two NAND gates 
connected as show below. To understand operation, 
assume the two inputs shown as dotted lines do not 
exist. When power is applied, opposite states will ap- 
pear on the outputs. 

For example, assume that the output of gate A is LO. 
This LO will be applied to the input of gate B whose 
output will then become HI. When this HI is applied 




to the input of gate A, a LO will remain on the out- 
put of gate A. Thus, the gates are latched into a stable 
state. 

Next, connect R and assume it is HI. The state of the 
gates can be changed by applying a LO to input R. The 
flip-flop flips to the state where A is HI and B is LO. 
(NAND gate — if either input is LO, the output is HI.) 
Since the input of A is now LO from gate B, there is 
no way to return to the original state through the use 
of R. The LO input will now keep the output of gate 
A HI, regardless of the R input state. 

By connecting S, the state of the flip-flop can be changed 
by applying a LO to the R or S where output is LO 
and the flip-flop is fully controlled. Thus, a basic flip- 
flop consists of two NAND gates with outputs cross- 
coupled to the inputs. 

Flip-flops may be either clocked or undocked. In a 
clocked flip-flop, the outputs respond to the inputs 
only when clocked. In an undocked flip-flop, the out- 
puts respond to the inputs as the inputs change. 

A common configuration is the toggle flip-flop (TFF). 
The TFF is a bistable device with one input line and 
two output lines which changes states from one stable 



state to the other state with each trigger. Either or 
both of the complementary outputs may be used. A 
major shortcoming of the TFF is that the state of the 
FF after a trigger is applied cannot be accurately known 
unless the present state is known. 

Another common FF is the set-reset flip-flop (RS FF). 
The RS FF is a bistable device with two input lines 
and two output lines. The output lines are comple- 
mentary and change states in response to the states 
at the input. Two rules for R-S flip-flops are “set to 
1 and reset to 0”. Set to 1 means an input signal to 
the set terminal switches the circuit to a known con- 
dition (HI). Reset to 0 means that an input signal 
to the reset input switches the flip-flop to the opposite 
condition (LO). Inputs at both the R and S inputs 
are forbidden since the device can never be in both 
states simultaneously. The R-S flip-flop is used in logic 
situations which do not include the possibility of simul- 
taneous set and reset inputs. 



The J-K flip-flop has no ambiguous states and is a 
commonly used configuration. The J-K flip-flop has 
two inputs and two outputs. When a HI is applied 
to the J, the flip-flop is switched to the HI state. With 
a HI at K, the flip-flop is switched to the LO state. 
If HFs are applied to both the J and K terminals, 
the FF switches to its complement state. Many J-K 
flip-flops are supplied with two or more J inputs and 
two or more K inputs. As a result, frequently one J 
and one K input are connected together for use as a 
clock input. 





-Q 



J-K 



J 1 

FF 



K 0 



Q 



Q 



Input 


Output 


Condition 


Condition 


before 


after 


trigger 


trigger 


pulse 


pulse 


Q 


Q 


Q 


Q 


LO 


HI 


HI 


LO 


HI 


LO 


LO 


HI 



Input 


■ '1 

Output j 


R 


S 


Q 


Q ! 


LO 


LO 


No change 1 


LO 


HI 


LO 


HI 


HI 


LO 


HI 


LO 


HI 


HI 


Undefined | 



Input 


Output 


J 




Q Q 


LO ^ 


lo 


No change 


LO 


HI 


1 LO 1 HI 


HI 


LO 


HI 1 LO 


HI 


pHr 


Comple- 



merit 



11 










SERVICE SCOPE 




TROUBLESHOOTING THE AMPLIFIERS 



By Charles Phillips 

Product Service Technician, Factory Service Center 

Contribution by Dave Colbert 



This fifth article in a series discusses troubleshooting 
techniques in the vertical and horizontal amplifier cir- 
cuits of Tektronix instruynents. For copies of the pre- 
ceding four TEKSCOPE articles, please contact your 
local Tektronix Field Engineer. 



For effective troubleshooting, examine the simple possibilities 
before proceeding with extensive troubleshooting. The fol- 
lowing list provides a logical sequence to follow while trouble- 
shooting both the horizontal and vertical amplifier circuitry: 

1. Observe CRT display characteristics. 

2. Check control settings. 

3. Isolate trouble to block. 

4. Thorough visual check. 

5. Check voltages and ^\’aveform. 

6. Check individual components. 

Note: Always return the original component to its place if the 
problem remains. 



GENERAL 

Neon indicator lights and trace finders usually provide suf- 
ficient infoi'ination to indicate which side of the vertical 
or horizontal amplifier is causing the trouble, or whether both 
sides are. If the trace-finder button brings the trace back 
on the screen, then by varying the position control we can 
observ'C whether we have position control on both sides. If 
we have position to one side only, this will tell us that we 
have an unbalance in one of the amplifiers. If we have no 
position, then it could be a defective stage completely. 

If a vertical or horizontal amplifier is badly out of balance, 
a clip lead can be used to .short the collectors of the output 
transistors (or plates of output tubes) to ensure that the 
spot is centered. (The deflection plates themselves may be 
shorted to verify the true electrical center of the instru- 
ment.) The shorting strap is then moved to the base (or grid) 
of the output stage and the amount of difference in the .spot 
position noted. The position difference indicates the amount 
and direction of unbalance in the output stage. By applying 
this technique, stage by stage back to the input, the amount 
of unbalance may be determined. Switch the input transistors 
of the output amplifier when the unbalance is over 0.5 centi- 
meter. A defective stage is indicated by the .shorting strap 
not centering the trace on the CRT. It’s a good idea to 
switch transistors around to obtain an unbalance less than that 
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figure. This will ensure a well balanced vertical system and 
minimize compression or expansion. 

The Type 576 Curve Tracer presents a convenient way to 
locate difficult problems in push-pull or complementary 
circuitry. The AC Collector Mode is ideal for comparing 
the impedance of various circuit points against similar im- 
pedance points. Any substantial difference in displays indi- 
cates a probable incorrect circuit impedance for the test point. 
Use sufficient voltage to turn on nearby junctions for maxi- 
mum insight into the test circuit. Open and shorted diodes 
are easily found this way as well as much more difficult 
conditions, including in-circuit leakage problems. Be certain 
that the power is OFF on the scope under test. 

This approach is useful whenever suspected stages may be 
compared against a known good stage. The technique is 
particularly valuable when troubleshooting feedback cir- 
cuitry. By setting the initial display to approximately a 45° 
positive slope, meaningful comparisons can be quickly made. 

A convenient method of determining which component in a 
string is noLsy is to use a differential comparator unit. Usu- 
ally, if .such a proidem is observed single-ended, it is difficult 
to localize the faulty resistor. By monitoring the problem 
differentially and bucking out the voltage, the noisy com- 
])onent is quickly and easily located. The same technique 
will often work to a lesser degree wath add algebraic or 
ordinary differential amplifiers. 

HORIZONTAL AMPLIFIERS 

The horizontal amplifier develops a push-pull version of the 
input ramp from the time-ba.se generator. These simultaneous 
positive and negative going ramp voltages are then applied to 
the right and left horizontal deflection plates, respectively, 
causing the CRT spot to move across the screen. Thus, ecpial 
increments of distance represent ccjual increments of time, 
and the sw eep can be calibrated. 

Many horizontal amplifiers include magnifier circuitry that 
decreases the amount of negative feedback and increases the 
gain accordingly. Such magnifiers are usually X5 or XI 0 



and effectively increase the sweep rate by that amount. Most 
oscilloscopes also provide an external input to the horizontal 
amplifier. In this position, the internally generated saw- 
tooth is disconnected and an external signal may be connected 
to the external horizontal input terminal. .Often a com- 
pensated lOX attenuator is irsed with the external horizontal 
circuitry to provide a wider range of signal inputs. 

When the oscilloscope has a second sweep, this may be used 
to check for normal operation. A calibrator signal to the ex- 
ternal horizontal input checks the operation of a portion of the 
horizontal amplifier. If the instrument has a plug-in hori- 
zontal, removing the plug-in unit should automatically center 
the spot. This is of additional assistance with oscilloscopes 
using deflection blanking. Deflection blanking positions the 
spot offscreen, except during sweep time, and no spot can be 
seen by overriding the intensity control. 

Switching to the external input disconnects the sweep and is 
a means of determining whether a problem is associated wdth 
the horizontal amplifier. At the .same time, it can indicate 
the condition of the unblanking circuitry. 

VERTICAL AMPLIFIERS 

The vertical amplifier develops a push-pull version of the 
input signal from the vertical preamplifier. The.se simulta- 
neous positive and negative going amplified signal voltages 
are then applied to the upper and lower vertical deflection 
plates, deflecting the CRT spot as it traverses the .screen. 
Thus, an accurate amplified reproduction of the original sig- 
nal is di.splayed on the CRT. In addition, many oscilloscopes 
provide a vertical signal output which allows the amplified 
signal to drive other devices. 

No stage where distributed amplifiers arc irsed should con- 
tribute more than 2-mm unbalance. In addition, tubes should 
be switched so the total unbalance of the distributed ampli- 
fiers does not exceed 2 mm. Never mix different brands 
of distributed amplifier tubes. If a distributed amplifier tube 
fails and a replacement is needed, the trigger pickoff tube 
makes an excellent aged replacement. The trigger pickoff 
tube may then be replaced with a different brand. 




Comparing similar impedance points can often locate troubles when other techniques fail. In-circuit impedance checks: 
Left, normal operation of the emitter circuit side of a paraphrase amplifier; Center, opposite side of the same para- 
phrase amplifier with open emitter; Right, shorted emitter. 
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TYPICAL HORIZONTAL PROBLEMS 



TYPICAL VERTICAL PROBLEMS 



Problem: Sweep shortening at fast sweep speeds. Nonlinear- 
ity and sometimes sweep compression to the right. 

Solution: This problem is typically caused by an open col- 
lector (or plate) load to one of the stages. An open 
decoupling resi.stor will also cause this problem. 

Problem: Compression or expansion of the sweep as it is 
positioned from one side to the other. 

Solution: This problem is typically caused by the diode net- 
work between the bases (or grids) of the amplifier. 
Check for leaky diodes. 

Problem: Horizontal shift exceeds 1 cm as line voltage is 
varied from 105-125 V, 

Solution: Change tubes or transistors. 

Problem: Horizontal sweep control center position is shifted 
and control is nonlinear. 

Solution: Check for an open circuit in the center tapped 
plate load resistors of the output amplifier. 

Problem: Nonlinear sweep. 

Solution: Gassy PIF capacitance driver tube. A faulty input 
CF tube may also cause a similar problem. 

Problem: Insufficient HI" timing range and gain or position 
effect. 

Solution: Check the horizontal output amplifier for weak 
tubes. 

Problem: Position range off-centered. 

Solution: Check the input compen.sated divider of the input 
CF. 



Problem: Unbalance greater than 0.5 cm. 

Solution: Switch tubes to bring within 0.5 cm of electrical 
center. NOTE— TURN OFF POWER WHEN 
SWITCHING INPUT TUBES. 

Problem: No internal triggering capability. 

Solution: Open plate load inductance of trigger pickoff amp- 
lifiers. 

Problem: Bump in display 0.25 /xs from beginning. 

Solution: Check for open or defective termination network. 

Problem; DC shift. 

Solution: Check to be sure that the plate load resistor is 
correct for the brand of tubes being used. (Resistor 
value varies with tube manufacturer other than 
original.) If the problem still remains, check the 
filter capacitors. 

Problem: Cathode-Interface — front end of pulse varies as 
line voltage is varied from 105-125 V. 

Solution: Replace input tubes. If problem .still remaias, re- 
tube the distributed amplifier. 

Problem: Overshoot and ringing. 

Solution: Check collector load resistor for out-of-tolerance 
components. If problems remains, check gain 
potentiometers. Non-Tektronix made gain pots 
may not have the right amount of inductance. 

Problem: Compression. 

Solution: Check diodes in base circuits for a shorted diode. 




OUTPUr%AV 



iR989 
f AXIS 
AUGN 



Type 422 Vertical Amplifier circuit board. Note that transistor sockets are used where possible for servicing convenience. 
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NEW CONCEPTS BOOKS 



Four new titles have been added to the concepts series of 
books published by Tektronix. total of 14 concepts books 
arc now availal^le from your Tektronix Field Engineer. Eight 
circuit concepts books and six measurement concepts books 
are presently in print. 

“Sweep Generator Circuit” is the addition to the circuits 
concepts series and discusses sawtooth waveform characteris- 
tics, the gated clamp-tube generator control circuit, boot- 
strap sweep generators, Miller integrators, and sweep gen- 
erator control circuits. 

Three new titles are available in the measurement concepts 
series: “Spectrum Analyzer Measurements”, “Engine Analy- 
sis”, and “Automated Testing Systems”. “Spectrum Analy- 
zer Measurements” discusses concepts of RF spectrum tuning, 
RF modulation systems, spectrum analyzer ter jus, spectrum 
analyzer characteristics and their relationships, spectrum 
analyzer functional considerations, CW signal mcasurcjrient, 
amplitude -modulation measurement, single-sideband meas- 
urements, pulsed RF carrier measurements, swept frequency 
measurements, fluid velocity measurements, and waveform 
analysis. “Engine Analysis” consists of ignition systems, igni- 
tion waveform analysis, magnetic transducers, rotational 
function generators, vibration transducers, and pressure trans- 




ducers. “Automated Testing Systems” discusses the memory 
and control l)locks (data disc, punched tape, tape readers and 
perforators, the Type 240 program control unit, the Type 
250 auxiliary program unit, and the Type 241 programmer 
unit); the measurement block (sampling review, the Type 
R568 oscilloscope — Type 3S6 vertical and Type 3T6 sweep, 
the Type 230 digital unit, testing systems options); the sti- 
mulus block (the Type R116 programmable pulse generator, 
the Type R293 programmable pulse generator and power 
supply, and programmable power supplies); and the fixture 
block, a discussion of fixtiiring and problems. 



INSTRUMENTS FOR SALE 



1- -Type 535A, SN 24917 and 1 — Type 
GA, SN 30061. Price: $1,225. 1— Type 
535A, SN 25772 and 1— Type GA, SN 
30364. Price: $1,225, 1— Type 545, 

SN 8225 and l—Type B, SN 14320. 
Price: $1,200. Recently reconditioned 
and recalibrated. Contact: Mr. Weiss, 

Communications Radio, 150 Jerusalem 
Avenue, Massapequa, New York 1 1758. 
Telephone: (516) 798-7342. 

1 — Type 661/4S1/5TIA. Good condi- 
tion, small amount of use. Contact: Carl 
Gruber or Dr. Hixson, Electrical Engi- 
neering Dept., South Dakota School of 
Mines and Technology, East St. Joe 
Avenue, Rapid City, South Dakota 
57701. Telephone: (605) 394-2291. 

l—Type 535, SN 489. l—Type L, SN 
010273. l—Type 53C, SN 730. 1— 

Type G, SN 006777. Contact: Mr. E. 
Thomas, The Budd Co., 12141 Charle- 
voix, Detroit, Michigan 48215. Tele- 
phone: (313) 822-7000 Ext. 229. 

l—Type 561 A/3A3/2B67. Used only 20 
hours. Price: $1,400. Contact: Dick 

Hahn. Telephone: (914) 232-5891. 

l—Type CA, SN 38575. Price: $150. 
l—Type T, SN 2782. Price: $150. Con- 
tact: William H. Greenbaum, V.P., Uni- 
lux, Inc., 48-20 70th Street, Woodside, 
New York 11377. Telephone: (212) 

651-2258. 



1 — Type 422, AC Model. Used less than 
25 hours. Price: $1,000. Contact: J. M. 
Edelman, M.D., 4550 North Boulevard, 
Baton Rouge, Louisiana 70806. Tele- 
phone: (504) 927-3553. 

I — Type 575. Three years old. Will 
calibrate prior to sale. Price: $900. Con- 
tact: L. M. Buckler, Intech, Inc., 1220 
Coleman Ave., Santa Clara, California 
95050. Telephone: (408) 244-0500. 

1- — ^Type 524D, SN 1186, In operating 
condition. Best reasonable offer. Contact: 
Jerry Berger, Minneapolis Moline, 301 
Ninth Avenue South, Hopkins, Minnesota 
55343. Telephone: (612) 935-5181 Ext. 
306. 



1 — Type 575, SN 010866. Three years 
old. Price: $950. Contact: Mobilscope, 
Inc., 17734/i Sherman Way, Reseda, 
California 91335. Telephone: (213) 342- 
5111. 

l—Type 422, SN 003693. Good condi- 
tion. Price: $1000. Contact: Robert Bles- 
sing, National Supply Company, Drawer 
H, Gainesville, Texas 76240. Telephone: 
(817) 465-2811. 

l—Type 514, SN 2907. l—Type 517, 
SN 280 with Duty Cycle Limiter Modifi- 
cation. Contact: R. A. Kern, Link-Belt 
Div. of FMC Corp., P. O. Box 346, In- 
dianapolis, Indiana 46206. Telephone: 
(317) 632-5411 Ext. 337. 

1 — Type 575, SN 002669. Reconditioned. 
Price: $850. Contact: Mobilscope, Inc. 
1734/2 Sherman Way, Reseda, California 
91335. Telephone: (213) 342-5111. 
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l—Type 545B, SN 2529. l—Type lAl, 
SN 2029. And 015-0062-00 TV Sync 
Separatoi'. Price: $1,750. Contact: Robert 
Brown, Everett Cable vision, 2507 Broad- 
way Avenue, Everett, Washington 98201. 
Telephone: (206) 259-3171. 

1- -Type lAl. Price: $400. Contact: Mr. 
Dean Maloney, 832 Busse Highway, Park 
Ridge, Illinois 60068. 

l—Type 575 Mod 122C, SN 12941. One 
year old. Price: $995. Contact: Alfred 
Gomez, Computer Components Inter- 
national, Inc., 3804 Burns Road, Palm 
Beach Gardens, Florida 33404. Tele- 
phone: (305) 842-4216. 

1 — Type 545S6, SN9388. Price: $900 or 
best offer. Contact: Mr. M. Stepanski, 
Deltron, Inc., Wissahickon Avenue, North 
Wales, Pennsylvania 19454. Telephone: 
(215) 699-9261. 



INSTRUMENTS WANTED 



1— Type 5 15 A or 516. Any condition. 
Contact: Ray Harland, Route 1, Box 

745A, Escondido, California 92025. Tele- 
phone: (714) 746-4584. 

1 — 10 to 20 MHz scope, either single or 
dual channel. Contact: John Ricker, 

1570 Meade Street, Denver, Colorado 
80204. Telephone: (303) 623-6002. 

1 — C-12 Camera. Contact: Mr. Dean 
Maloney, 832 Busse Highway, Park 
Ridge, Illinois 60068. 
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The Tektronix developed and manufactured M036 
Channel Switch IC was developed to fill the need for 
a fast, clean switch with good isolation characteristics. 
The switch is housed in a 14-pin, dual-in-line package 
and is the key to much of the versatility of mainframe 
switching in the NEW 7000 Series. One M036 is used 
in both the Vertical Interface and Horizontal Interface 
and two are used in the Trigger Selector block. 

The channel switch selects one or mixes two analog 
input signals in response to a digital input. In its 
simplest application, it is a double-pole, double-throw 



selector of one of two balanced input signals. Its more 
sophisticated role is in providing signal steering In 
dual-trace vertical and horizontal amplifiers. 

The M036 is designed for two balanced input signals 
of 25 mV/division into 50 Q per side (0.5mA/div). 
Side-to-side diodes are included Inside the IC for 
limiting the differential voltage swing of the output 
The risetime of the switch is less than 1 ns and switch- 
ing time is 20 ns maximum. The IC is also very clean 
from chopping transients. 
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Al Zimmerman, Program Manager, and George Frye, 



Measuring Jitter 



Project Engineer, confer over a 7T11 Time-Base Unit. 



with a Sampiing Osciiioscope 



By Al Zimmerman 



COVER — The excellent jitter performance (less than 
10 ps) is clearly shown on a randomly sampled 
fast rise display. 



The oscilloscope is a useful tool for measuring 
time jitter between two different but repetitive 
events. The sampling oscilloscope is particu- 
larly well-suited for these measurements be- 
cause of its extremely fast sweep rates and low 
internal jitter. Jitter measurement resolution 
to within a few picoseconds may often be 
achieved. 
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Typical examples of time jitter measurements include: 

(a) Measuring the inter-period jitter of a repetitive 
signal source. 

(b) Measuring the p re trigger- to-pulse jitter of a pulse 
generator, 

(c) Determining the uncertainty of threshold cross- 
ing detectors (comparators) due to noise, etc. 

(d) Verifying the oscilloscope’s jitter specs. 

SOME TERMINOLOGY 

“Noise” is the term we shall use to describe a random 
broadening of the oscilloscope trace in the vertical direc- 
tion, while “jitter” will be used to describe a random 
broadening in the horizontal direction. In the sampling 
oscilloscope, the apparent trace broadening occurs as in- 
dividual display dots are misplaced along one or both 
axes. 

The causes of noise and jitter are many and varied. 
Some are truly random, or aperiodic, in nature while 
others are uniformly periodic. Unless the noise or jitter 
source is synchronous or very nearly synchronous with 
the oscilloscope sweep rate (or scanning rate in a sam- 
pling oscilloscope), even periodic causes such as hum or 
RF often appear to result in random dot displacements. 
No matter how many or what the causes are, the result 
is a statistical distribution of dots along either a vertical 
or horizontal cross-section of the trace. 

NOISE AND JITTER INTERACTION 

When it comes to measuring jitter, a problem arises 
when noise is also present since these separately-caused 
effects tend to interact in the display. See drawing 1. 
A sloping waveform will suffer both a vertical broaden- 
ing and a horizontal broadening from either noise or jit- 
ter. While one may always observe noise independently 
by displaying a horizontal baseline, the analogous opera- 
tion for a completely independent jitter observation is 
impossible. In practice, jitter measurements with an os- 
cilloscope must either reduce the effect of noise to 
the point of insignificance in the display or the jitter 
measurement must be corrected to remove the effect of 
noise. 

The first approach requires a large dV/dt for the input 
signal relative to vertical volts per division divided by 
horizontal seconds per division in the oscilloscope dis- 
play. This produces a steep slope and may provide the 
required independence of noise and jitter in the display. 
Either the risetime of the available signal, the risetime 



of the oscilloscope, or the permissible signal amplitudes 
may impose the ultimate limit on the dV/dt which may 
be displayed, however. 

It must also be noted that a large signal should be used 
relative to the inherent noise level of the oscilloscope. 
Simply turning up the vertical sensitivity {volts/ div) to 
get a steeper slope does NOT reduce the interactive 
effect of noise upon jitter. Anything done to increase the 
signal-to-noise ratio DOES reduce the effect — at ANY 
sensitivity setting. 

The second approach to a solution for this problem in- 
volves a subtractive correction to the observed jitter 
based on measurements of waveform slope and noise. 
Before we describe how to make such a correction, how- 
ever, we need to look further into the question of how to 
measure the observed jitter from a noisy, jittery trace. 




Drawing 1. No noise. 
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THE HUMAN FACTOR 

A significant problem which plagues both noise and jit- 
ter measurements is the subjectivity of display interpre- 
tation. Different people find it difficult to agree on the 
same reading from the oscilloscope screen. The problem 
is due to the “skirts’’ on the gaussian or near-gaussian 
dot distributions encountered. When asked to describe 
the boundaries or limits of such a distribution, one per- 
son will tend toward a peak-to-peak interpretation 
which includes all the dots while another person will dis- 
count the more widely scattered dots and consider only 
the central portion of the distribution. Since most people 
seem to tend toward the latter interpretation; it is diffi- 
cult to specify or to describe such a display with much 
precision. 

MEASURING NOISE 

In the April ’69 issue of TEKSGOPE, a “tangential 
trace” technique was described for measuring noise dis- 
played on a conventional (non-sampling) oscilloscope. 
The same technique can be used for measuring noise on 
a sampling oscilloscope. A typical setup is shown below. 




Photo 1, Initial setup for tangential noise measurement. 




Photo 2. Finai adjustment. Dark band between the noise 
bands has just vanished. 



In this technique, two traces are produced by adding a 
slow squarewave to the vertical signal and adjusting the 
square-wave amplitude to achieve “tangency” of the 
two traces. It can be shown for a gaussian distribution, 
that tangency is achieved when the squarewave value 
(Nsw) is exactly twice the RMS noise value.* It can 
also be shown (see chart 1) that the displayed noise 
value (Nd) which contains 90% of the dots is approxi- 
mately three times the RMS noise value (Nrms) • From 
these relationships the following statement is derived: 

Nd ^ 3Nrms = 3/2 Nsw 

*Garuts, Val., “A Simple Method for Measuring Preamp 
Noise,” Tektronix Engineering Instrument Specification 
Guidelines. 




Chart 1. The percentage of dots contained with a cross- 
section of a trace is approximately 90% (3 o). 



MEASURING NOISE (Nsw) 
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MEASURING JITTER 

Several techniques similar to the tangential-trace meth- 
od for measuring noise have been suggested for measur- 
ing the horizontally summed effects of time jitter and 
and noise which we shall simply call ‘‘observed jitter”. 
One of these techniques is shown below (Jsw). Here a 
square wave is added to the slow speed horizontal signal 
causing the displacement of a fast-rising portion of the 
display. The square-wave amplitude is again adjusted 
to achieve tangency, but this time its value must be 
in terms of the resulting time displacement of the tan- 
gent traces. This is most easily done by switching to 
MANUAL SCAN on the sampling sweep and observ- 
ing the effective time displacement caused by the square 
wave alone. The resulting jitter relationships are: 

Jd = 3Jrms = 3/2 Jsw 



MEASURING JITTER (Jsw) 




CORRECTING FOR NOISE 

It must be emphasized that the display- jitter measure- 
ment described includes a contribution due to vertical 
noise. If one wishes to describe the time jitter indepen- 
dently from the induced contribution from noise, it will 
be necessary to subtract out this contribution. Thus, 
noise-corrected time jitter (Jnc) may be easily found 




where the slope is simply AY/ AX of the waveform in the 
display. All values shown include approximately 90% of 
the displayed dots along a vertical or horizontal cross- 
section. 

CORRECTING THE MEASUREMENT 

Since the jitter introduced by the oscilloscope itself 
(Jo, usually less than 20 ps) may be a significant part of 
the observed jitter, it may be desired to make a similar 
subtractive correction for it as well. Oscilloscope jitter 
may be determined by viewing the triggering event 
directly and then making a noise correction as described 
above. The complete formula for time jitter corrected 
for noise and scope jitter (J) then becomes: 

J =V - (i^) ’ - 

Using the techniques discussed, the effects of noise and 
human interpretation may be reduced to allow repeat- 
able jitter measurements to within a few picoseconds 
with a sampling oscilloscope. 



PROCEDURE FOR DETERMINING NOISE AND JITTER 



Nsw 

1. Adjust R for tangency. 

2. Remove the 10x attenuator (applying the 
squarewave signal directly.) 

3. Measure the trace separation in volts directly 
on the screen. (Esep) 

4. Nsw (in volts) = ~ 



Jsw 

1. Adjust R for tangency of the two step transi- 
tions. 

2. Set 1S1 to MAN SCAN. 

3. Measure the squarewave amplitude at A. (Etan) 

4. Adjust R for 8 cm deflection. 

5. Again measure the squarewave amplitude at A. 

(Eecm) 

6. Jsw (in seconds) = x (Time/Div) x 8 

tsCM 
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Basic Sampling 

A brief description of the three major modes of sampling 



Three new sampling units are the building blocks for 
sampling performance with the Tektronix 7000 Series. 
The 7S11 Sampling Unit accepts any one of 5 sampling 
heads that cover the measurement spectrum from LF, 
high Z (350 MHz, input) to HF, low Z (14 GHz, 
50-fl input). The 7T11 Sampling Time Base provides 
random, sequential, and real-time sampling displays and 
covers the range of 5 ms/div to lOps/div. A built-in 
VHF synchronizer provides the ability to view 12.4 GHz 
signals without requiring additional equipment. The 
7M11 is a dual 75-ns delay line unit designed for 
the viewing of triggering events in low repetition rate 
applications. 

The use of random sampling permits the user to observe 
prior to, coincident with, or after the displayed signal 
without sacrificing display lead time. Thus, the random 
sampling oscilloscope provides an important measure- 
ment capability that conventional oscilloscopes do not 
provide (i.e., look ahead of the triggering point) . 

The timing circuitry used in the 7T11 uses a time mea- 
surement rather than a time programming process for 
horizontal sample positioning in equivalent time. That 
is, the horizontal position of the dot on the screen is de- 
termined by the measurement of the time interval be- 
tween strobe and trigger. The same process is used in 
both Random and Sequential operation, with only the 
method of strobe timing changing between the two 
modes. The staircase generator now never drives the 
CRT directly — it is only used as a reference source of 
voltage. 

Two major advantages are achieved by this method: 

1) Improved timing linearity, especially at the start of 
the slewing ramp ; starting transients in the slew ramp 
show up as dot position nonlinearities instead of tim- 
ing nonlinearities. 

2) Reduced display jitter. Comparator noise that re- 
sults in strobe jitter shows up as dot jitter, not display 
jitter. The display jitter displayed becomes a function 
of the noise level of the integrator circuit used for the 
time measurement plus the few picoseconds of jitter 
in the trigger recognition and strobe drive circuits. 
This new development provides a display jitter speci- 
fication of less than 10 ps. 

The Random Sampling process is composed of two basic 
operations : 

1, Originating the sample pulses randomly distributed 
in a time window around the part of the signal to be 
displayed. 



2. Constructing a pulse display by deriving two ana- 
log signals, representing X and Y coordinates, from a 
series of those samples. 

To originate sample pulses, the ratemeter measures the 
trigger rep rate and starts the slew ramp to generate sam- 
ples within the time window. The Time-to-Height Con- 
verter (TTH) includes two stop inputs, one + and one 
— . When the ratemeter produces a start command at a 
programmed time before the predicted arrival of the 
Trigger event, the Slew Ramp runs and produces a 
strobe when a comparison with the staircase is made. 
(Note — There is no fixed time between the slew ramp 
and the next trigger signal.) The TTH does not initially 
make any output excursion, because the + input signal 
equals the — input. If the trigger arrives first, a + stop 
command occurs and the TTH runs negative until a 
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Three versatile /?ew Tektronix Sampling Units. From left: 7S11 Sampling Amplifier, 7T11 Sampling Time Base, and the 7M11 
Dual Delay Line. 




Fig. 1. Random sampling time relationships. Case 1 illustrates the condition where the strobe occurs before the trigger. 
Case 2 illustrates the condition where the strobe and trigger are coincident. Case 3 illustrates the condition where the strobe 
occurs after the trigger. 



strobe drive pulse and — stop command comes from the 
comparator. The dot is then deflected to the right of 
the center on the CRT. If the Trigger and Strobe events 
both happen simultaneously, the TTH. produces no 
change in output voltage. If the Strobe occurs before the 
trigger, then the TTH runs positive and the dot moves 
to the left a distance proportional to the time difference. 
The ratemeter provides maximum display dot density 
by gathering the samples around just that section of the 
waveform that is used for the CRT display. 

The samples which fall outside the time window do not 
have any contribution to the display construction and are 
kept as few as possible. If too many samples fall outside 
the time window, an error signal is generated to improve 
the ratemeter ‘‘guess”. This ensures that the horizontal 
signal tracks with the staircase over the average of many 
samples. 

In sequential sampling, the sampler is programmed to 
produce strobes when commanded by the 7T11. The 
block diagram shows a TTH added to the standard 
sequential sampling time-base. A slew ramp is used 
as is a staircase generator and comparator. The major 
differences from conventional sampling circuitry is that 



the staircase generator does not drive the CRT directly. 
Instead the strobe drive from the comparator occurs at a 
programmed point in time. The TTH then measures 
the difference in time between the Trigger and Strobe 
drive events and places the dot on screen at a position 
corresponding to that point in time where the strobe ac- 
tually occurred (which may not be exactly the same as 
where it was programmed to occur) . The ramp rates of 
the TTH and the slew ramp are equal. 

The basic block diagram for real-time sampling is very 
similar to that of a standard real-time oscilloscope. The 
arrival of a trigger starts the timing ramp, or TTH. The 
Sampler is programmed to free run. When a strobe 
occurs, the Real-Time Multivibrator (MV) fires, caus- 
ing the gate to conduct. The Memory tracks along with 
the TTH ramp until the gate quits conducting. It then 
remains at that level until the next strobe arrives. 

The width of the Memory gate strobe sets the lead time 
(^^3^s) of the instrument. The display appears as a 
series of dots starting from the left-hand side of the 
screen. For each triggering event, one sweep across the 
screen is produced with each dot spaced about 20 /as from 
the preceding one. 
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By Rich Nute 

The basic purpose of specifying product performance is 
to allow comparisons with competitive products or other 
methods of measurement. This article discusses the rea- 
sons for specifications and explains some of the criteria 
for Tektronix specifications, 

WHY SPECIFY? 

Specifications arise from the need to describe products 
as clearly as possible. When a product provides a mea- 
surement capability, the user must know, first, what 
functions it performs, and second, how well it performs 
those functions. 

The oscilloscope is a tool that measures amplitude as a 
function of time. The tool is chosen based upon the 
user’s needs for amplitude and time measurement. Thus, 
we need to know both the functions and how well it 
performs. We specify that the user can determine (1) 
whether a given product can make his measurements, 
and (2) whether the measurement can be made with the 
desired accuracy. 

WHAT IS A SPECIFICATION? 

A specification is a series of statements listing the func- 
tions of a product and describing how well those func- 
tions are performed. The specification describes the 
product, but it differs from other descriptions: It is 

absolutely factual, and subjective modifiers are avoided. 



We don’t say ‘ good stability ’ or wide range . These 
are subjective expressions — How good is “good” sta- 
bility for circuit design applications? “Wide” band- 
width oscilloscopes used for computer design are quite 
different from “wide” bandwidth oscilloscopes for TV 
service work. 

Specifications provide no judgements to simplify the in- 
formation contained in them. Each statement carries 
equal weight with all other statements. No prior judge- 
ment is made that one statement is more important than 
another. The bandwidth statement of an oscilloscope 
vertical amplifier gets the same emphasis as does the 
sweep output statement. The specification is a technical, 
impersonal statement objectively describing functions 
and performance. 

A specification is an assertion which claims to be true. 
Therefore, a specification statement must be verifiable. 
Verification is an essential part of every specification. 
The verification procedure should be implied by the 
specification statement. Tektronix instruction manuals 
contain a performance check section which describes 
in detail how to verify all specification statements. 
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SPECIFICATION STATEMENTS 

Specification statements fall into two major categories: 
function and performance. In designing (and using) a 
specification, functions must be described before perfor- 
mance may be described. 

A qualitative statement describes the functions of a tool. 
Most instrument functions are represented on the front 
panel of a measuring instrument. For example, an os- 
cilloscope dual-trace vertical amplifier mode switch indi- 
cates functions. Channel 1, Alternate, Added, Chopped, 
and Channel 2 are mode descriptions that provide essen- 
tial function information. Verification of qualitative 
specification statements is made by observation — the in- 
strument either possesses these qualities (functions) or 



it does not. Qualitative statements describe the controls 
and functions of the instrument. 

A quantitative statement defines the performance of the 
tool. Performance is determined by how well a given 
function does its job. The vertical system of an oscillo- 
scope displays signals at 5mV/div — function. Its accu- 
racy is 3% of 5 mV/div — performance. Verification of 
quantitative specification statements is made by mea- 
surement — a comparison with a standard. Performance 
statements provide a figure of merit for comparison of 
measurement tools, and, therefore, are the more impor- 
tant of the two kinds of specification statements. 

A quantitative statement consists of two parts: A defini- 
tion of the characteristic being specified, and the value 
assigned to that characteristic. In other words, a param- 
eter and its limits. 
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PARAMETERS 

A parameter is an arbitrary constant to which values 
(limits) may be assigned. There are relatively few real 
parameters used to specify analog oscilloscopes, but 
these are used over and over again in describing perfor- 
mance. For example: 



PARAMETER 


EXAMPLE 


Accuracy : 


Vertical deflection factor accuracy. 
Time-base accuracy. 


Range : 


DC offset range. Frequency re- 
sponse range. 


Magnitude : 


Sensitivity. Sweep output ampli- 
tude. 


Stability : 


Drift with temperature. 


Repeatability : 


This parameter is not usually speci- 
fied for oscilloscopes. (Repeatabilty 
is sometimes erroneously assumed to 
be the same as accuracy.) 


Rate: 


This parameter is not directly speci- 
fied for oscilloscopes; an example is 
sweep repetition rate, but this is 
usually implied by specifying sweep 
hold-off time. 



Often, specifitations are unclear because of poorly de- 
fined parameters. Avoiding vague specifications is a 
prime consideration in designing a product specification. 

The most crucial test of a specification statement is to 
ask, “How can this be verified?” If the parameter can- 
not be measured or interpreted without further defini- 
tions and qualifications, then it cannot be useful. The 
specification must describe the products as clearly as 
possible. 

LIMITS 

Associated with each parameter is a set of limits, high 
and low. In a specification, the limits define the bounds 
of performance. The vertical deflection factor accuracy 
(parameter) is within 3% (performance limits) of indi- 
cated deflection factor. The limits of a parameter are 
described with words such as : 

Within 3% of indicated value 
7 ns or less 
At least 150 MHz 

In this way, we define the performance limits of a 
product. 



However, the word “limits” can be taken in two ways. 
In one sense every product has performance limits. 
It doesn’t do all we want it to do. An oscilloscope 
may be limited to 50-MHz frequency response. In a 
different sense, vertical deflection factor may be accu- 
rate within 3%. Because this limit is specified, the 
oscilloscope is an accurate measuring tool of known 
performance. 

ERRORS 

No product does its job perfectly. There are always 
errors introduced by the measuring tool. Errors are usu- 
ally expressed as a percentage. Whenever percentage is 
used, the question must always be asked, “Percentage 
of what?” Though not expressly stated, it is implied to 
be “of indicated deflection factor”. Or, we can turn 
this around and say that the signal may be 3% different 
than measured. 




DIVISIONS OF DEFLECTIONS 

Fig. 1. The straight line indicates a cumulative error while 
the curved line indicates a discrete error. 




DIVISIONS OF deflections 

Fig. 2. Combined cumulative and discrete errors. 
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Fig. 3. Typical Oscilloscope Step Response. 



Errors are of two types, cumulative and discrete. A 
cumulative error is expressed as a percentage of indicat- 
ed value. An oscilloscope time base contains cumula- 
tive errors. No matter what sweep speed is used, the 
error is a constant, e.g., 3% of indicated value. 

A discrete error is expressed as a magnitude. When 
reading values of a signal on the CRT, the center of the 
trace is uncertain. If the trace is 0.04 divisions wide, 
then this is a constant error. For a time-interval mea- 
surement of 0.4 divisions, the error is 20%. For a time- 
interval measurement of 8 divisions, the error is 1.0%. 
For a discrete error, the percentage error changes with 
magnitude. 

Oscilloscope sweep delay specifications combine both 
cumulative and discrete error statements. Accuracy 
statements take the form “within 1% and 0.02 multiplier 
divisions”. 

Even with this rigorous approach to designing specifica- 
tions, some statements are still not clear because of the 
lack of a standard for comparison. Oscilloscope step re- 
sponse is an outstanding example. Even if there were a 
perfect step from which to measure step response, 
there is no mechanism to clearly convey the deviation 
from that perfect step. If aberrations are 3% or less, a 
useful picture is still not conveyed since many different 
responses are possible within the band provided. 

In spite of efforts to be as complete and thorough as pos- 
sible in designing a specification, it is the responsibility 
of the user to interpret specifications. Specifications are 
written as independent functions — that is, each state- 



ment should stand by itself, regardless of other functions. 
As a result, all electrical statements are true over the en- 
tire specified temperature range. 

A specification must compromise statements for the sake 
of clarity and assume that the user can determine the 
modifying conditions of other specification statements. 
When vertical deflection factor accuracy is specified 
within 3%, we do not qualify this statement as a func- 
tion of frequency. The frequency response of an oscil- 
loscope is defined at its — 3 dB point, which is a 3.0% 
error in deflection factor accuracy. The user must put 
these two pieces of information together and determine 
that the oscilloscope exceeds its 3% accuracy limit well 
below its — 3 dB frequency. 




BANDWIDTH IN FREQUENCY 

Fig. 4. Oscilloscope Frequency Response. Note that 3% 
deflection accuracy is exceeded far below the —3 dB point. 



Specifications have both positive and negative connota- 
tions. We specify because we want to call attention to a 
particular measurement capability — for example, accu- 
racy. Conversely, we must specify negative attributes of 
oscilloscopes to keep the user from assuming an error 
does not exist. 

No oscilloscope has perfect step response. Therefore, if 
we say aberrations are within 3% of the input signal, 
there is a negative connotation about performance. 
Thus, limits define both intended performance (accu- 
racy) and unintended performance (aberrations) . 

At Tektronix, everyone is concerned about specifications 
because the specifications describe and characterize the 
product. The ideas presented here are the result of the 
contributions of Tektronix people — Design Engineers, 
Calibrators, Manual Writers, Advertising Writers, Field 
Engineers, and Customers. 
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SERVICE SCOPE 




TROUBLESHOOTING PREAMPLIFIERS 



By Charles Phillips 
Product Service Technician 
Factory Service Center 

This sixth article in a series discusses troubleshooting 
techniques in the preamplifiers of Tektronix instruments. 
For copies of the preceding five TEKSCOPE articles, 
please contact your local field engineer. 

Substituting vertical preamplifier plug-in units is an excel- 
lent means of checking performance to the vertical amplifier 
input. Once- a problem is isolated to a specific plug-in unit, 
plug-in circuit boards may isolate the problem even further. 
Once a problem has been traced to a specific block, a close 
visual check may pinpoint the problem. Often, burned com- 
ponents or loose leads can be' spotted that shorten the 
troubleshooting job. Substituting the tubes or transistors of- 
fers a quick means of checking a suspected stage. Always re- 
turn the original component to its place if the problem 
remains. 

In the case of a plug-in, be certain the plug-in is seated prop- 
erly and that there is no open connection. Plug-ins that use 
interlocks are particularly susceptible to this type of problem. 
Place the input selector to the DC position and turn off XIO 
amplifiers if they are available. 



When troubleshooting a new instrument, take some time to 
familiarize yourself with the block diagram. Spending a few 
minutes with the instrument manual can give valuable insight 
into the particular problem. 

When no spot is seen, use the trace finder or the position 
indicator to see which direction the spot is deflected. Use 
the position controls to see whether the display may be cen- 
tered. Should the indicator lights show that the trace is de- 
flected off screen, invert the display. If the display goes 
off screen in the other direction, the problem is before the 
invert switch. 

For problems after the invert switch, use a shorting strap, 
and starting with the output stages of the preamplifier, work 
stage by stage towards the input amplifier. The stage is work- 
ing normally when the signal short causes a trace near the 
vertical center line of the CRT. A defective stage is indi- 
cated by the short not centering the trace on the CRT. 

If the amplifier is well-balanced, the position control will be 
close to midrange when the trace is centered. If a problem 
exists, switch the output stages to obtain balance near the po- 
tentiometer midrange point. 
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Select output tubes or transistors so that the trace may be 
positioned off screen in both directions. 

Set the calibrator to a convenient figure such as 1 V. Adjust 
the vertical sensitivity to 0.2 V/div and select a single channel 
mode. Position controls and the attenuator balance should 
be adjusted midrange. In some cases, it is convenient to turn 
the variable gain counterclockwise to lessen the effect of the 
attenuator balance control. 




Attenuator error with 4 div of deflection (2y^% per mm). 




Attenuator error with 10 div of deflection (1% per mm). 
Centerline reference. 



Good balance is particularly important in multi-trace instru- 
ments. For example, good balance is indicated by both traces 
of a dual trace being within a centimeter of center screen. 
It’s often wise to switch tubes or transistors until A is the 
upper trace and B is the lower trace {when all controls are 
centered) . In general, when tubes are replaced by raw tubes, 
be certain to operate the instrument overnight and rebalance. 

A technique that may be used to optimize attenuator accu- 
racy is to apply 10 centimeters of CRT deflection and use 



the oscilloscope as a null detector. This method is particular- 
ly valuable on oscilloscopes with limited vertical scan. By 
using the center line as a reference, DC couple a signal 10 
times the attenuator setting on the straight-thru attenuator 
position. 



For example, at 50 mV/div, apply a 500-mV signal to the in- 
put. Position the trace so the upper portion of the waveform 
is aligned with a convenient vertical reference. Check each 
attenuator position for deviation always keeping the ratio 
of signal to attenuator 10:1. Under these conditions, each 
mm of CRT display is equal to \% error. This method 
provides much greater resolution since CRT characteristics 
(geometry, compression, expansion, edge defocusing, etc.) do 
not enter into the measurement accuracy. After the attenu- 
ator ratios are checked for proper values, then gain can be set. 



Problem: Microphonic noise that appears when switches 

and controls are moved. A simple consistent 
method of checking microphonics is to rap the in- 
strument at the top of the front panel firmly 
with the palm of your hand. 



Solution: Tubes are the most common offenders. Replace 

as required. If a control or switch is noisy, spray 
a good contact cleaner directly on the contacts. 
For noisy potentiometers, use a hypodermic nee- 
dle and insert one drop on the shaft, contact, and 
se^ms. Do not remove the potentiometer covers. 
In the case of intermittent problems, rotate the 
instrument in 90° increments and make the above 
microphonic check on each axis. 

Problem: Grid current gain error on DC measurements. If 

grid current causes a 4-cm signal reference to 
shift 2 mm, the error is 5%. Check by selecting a 
reference line on the most sensitive attenuator po- 
sition. Terminate the input with a 50-S2 termina- 
tion and keep within 2-mm maximum trace shift. 

Solution: Replace input tube to correct this problem. 



Problem: Input cap leakage causes the trace to go off 

screen when operating in the AC mode with a 
DC voltage applied. For example, at 5-mV sensi- 
tivity when checking power supply ripple, 50 mV 
of leakage will cause the display to be positioned 
off screen. To check for cap leakage, go to the 
AG position and center the trace at 50 m V/div 
sensitivity. Apply ^=^500V to the input and see 
how far the trace moves. 



Solution: The capacitor should be replaced if trace shift 

exceeds 50 mV. . 

Problem: Input capacitance range incorrect. It is important 

that all attenuator ranges have an equal RC so 
the probe doesn’t have to be re-adjusted as the 
volts/div is changed. When calibrating — if you 
have dual channels, you want both channels to 
match. 

Solution: Physical arrangement of the input coupling cap 

can alter the capacitance range of the adjustment 
if needed. If a capacitance normalizer isn’t avail- 
able, one channel input C can be set to midrange 
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Problem: 



Solution: 

Problem: 



Solution: 

Problem: 

Solution: 



Problem: 

Solution: 

Problem: 

Solution: 



and a lOX probe used to compensate the other 
dividers. 

Position balance and range. If amp is balanced, 
the position control will be close to midrange 
when trace is centered and this will allow the 
position control to move the trace off screen in 
either direction. 

Switch output stages to get proper balance. 

Spike on front end of fast rise pulse that cannot 
be adjusted out. (Cathode interface.) Because 
DC filaments are used in nearly all plug-ins, vary- 
ing line voltage does not change the pulse leading 
edge as it does in an oscilloscope amplifier. 

Replace output amplifier tubes or plate load 
resistors. 

Tilt on chopped waveshape exceeds 1 mm. 

Select balance amplifier tubes (or transistors) for 
minimum tilt. Check for leakage in one or more 
of the switching diodes. 

Interactive trace display, trace is displaced as 
other trace is positioned across it. 

Check for leaky diodes in switching circuit. 

Bandpass of each channel of a multi-trace unit 
does not match. 

Select input cathode followers or switch for 
match. 




Tektronix plug-in preamplifiers are manufactured in several 
different configurations. Upper — Letter-Series and 560-Series 
Plug-Ins. Lower — New 7000-Series Plug-In. 



SOLDERING IRON SAFETY TIP 

Here’s a convenient tip to prevent light weight pencil sol- 
dering irons from continually falling on the floor. The small 
15-watt irons now commonly in use for circuit board work 
often fall from their holders when their cord is brushed. 

Take a 6-inch piece of 14 or 16 gauge wire and place a U- 
shaped bend in the center of the wire. A little experiment- 
ing will quickly find the optimum wire shape to securely 
hold the iron in place. Adjust the wire so the iron must be 
lifted to be removed from its holder. Attach the wire to the 
holder with two right angle bends at the extremes of the 
wire. 

The same technique will also work for the larger 25 and 40 
watt irons. 



NEW SOLDERING IRON DESIGN 

New soldering irons are currently available that are par- 
ticularly convenient for your circuit board work. The model 
shown utilizes a built-in solder remover and makes use of 
special tips with holes in them. The solder is drawn into the 
tip as the bulb is depressed, thus simplifying the repair job. 

An additional advantage of this design is that when removing 
components from printed circuit boards the hole in the tip 
provides a convenient method of straightening the ends of the 
wire. Thus, the component can be removed neatly and 
cleanly with minimum interference with the board. 
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USED INSTRUMENTS 



INSTRUMENTS FOR SALE 

1— Type 547, SN 4975. 1— Type lAl, 
SN 13860. 1— Type 202-2. All in excel- 
lent condition. All for $2,000. Contact: 
Sterling Bradley, 717 Goodyear, Irving, 
Texas 75060. Telephone: (214) 255- 

7071. 



l_Type 535, SN 11516. 1— Type K, SN 
012282. Price: $525. Contact: John 

Phelps, General Electric Go., Electron- 
ics Park, Bldg. 9, Rm. 117, Syracuse, 
New York 13201. Telephone: (315) 

456-3763. 

1 — Type 316. Perfect condition. Price: 
$400. Contact: N.G. Planning Dept., 
Fenn Mfg. Go., Fenn Road, Newington, 
Connecticut 06111. Telephone: (203) 
666-2471. 

1 — ^Type 63, SN 283. Factory recondi- 
tioned. Used approximately 8 months. 
Price: $100. 1— Type 2B67, SN 25788. 
Used approximately 8 months. Price: 
$200. Contact: Roger Kloepfer. Tele- 
phone: (517) 487-6111, Ext. 231. 

1 — Type lAl. 1 — Type 1A2. 1 — Type 
516. All instruments are about 1 year 
old. Contact: Lee Merritt, Interactive 
Data Systems, 17785 Skypark Circle, 
Irvine, California 92664. Telephone: 
(714) 549-3329. 

1 — Type 453, SN 28439 with Type 
P6010. Never used. Price: $1,400. Con- 
tact: Mr. George Patterson. Telephone: 
(313) 663-8791. 

1 — Type 3A7 Plug-In, SN 513. New. 
Contact: Marty Husmann, Eastman Ko- 
dak Co., 925 Page Mill Road, Palo Al- 
to, California 94304. Telephone: (415) 
327-7200. 

l_Type R543B, SN 00910 with Type H, 
SN 015509. Like new. Price: $1000. 
Contact: Terry Wilson, Communications 
Contact, Inc., 618 National Avenue, Mt. 
View, California 94040. Telephone: 
(415) 961-1480. 

1 — Type 3A9. Contact: George H. Hal- 
sey, 45 Foundry Avenue, Indiana, Penn- 
sylvania 15701. Telephone: (412) 463- 
7446. 

1 — Type 514D. Excellent condition. 
Price: $300. Contact: D. D. Brunnen- 
meyer, 2533 Clear Lake Way, Sacra- 
mento, California 95826. Telephone: 
(916) 363-2730. 



1— Type 546, SN 002286 with CA plug- 
in. Three months old. Price: $1850. 
Will deliver within 100 mile radius. 
Contact: Mr. Porter Schultz, Box 247, 
Aptos, California 95003. Telephone: 
(408) 722-4177. 



l_Type 502A, SN 206670, Price: $700. 
1 — Type 502, SN 5769, modified to a 
502A. Price: $700. Contact: Mr. 

Herbert Grams, Lawson Co., 2011 West 
Hastings, Chicago, Illinois 60608. Tele- 
phone: (312) 226-5300, Ext. 340. 



l_Type 323, SN 300822. Price: $900. 
Contact: Melvin A. Holznagel, Route 4, 
Box 2 73 A, Sherwood, Oregon 97140. 
Telephone: (503) 625-7121. 



i_Type 1A7A, SN 20351. Price: $450. 
Contact: Wilhelm F. Kartak, 10720 

S. W. Fonner, Tigard, Oregon 97223. 
Telephone: (503) 639-4568. 



1 — Type 561 A. Approximately 5 years 
old. Price: $600. Contact; Mr. R. C. 
Dodds, 4932 Glacier, San Diego, Cali- 
fornia 92112. Telephone: (714) 287- 

1280. 



2_Type 535A, SN 32495 and SN 32335. 
Both with GA plug-ins. Price: $830. 
(Each). Contact: d b Electronic Enter- 
prises, 13526 Pyramid Drive, Dallas, 
Texas 75234. Telephone: (214) 241- 
2888. 



l_™Type 502A, SN 26362. Price: $750. 
Approximately 2 years old, in good 
shape. Contact: Cort Platt Metrology, 
Inc., 126 Jackson Avenue North, Hop- 
ins, Minnesota 55343. Telephone: (612) 
935-1441. 



l_Type 503, SN 008159. Price: $550. 
Includes table and miscellaneous acces- 
sories. Contact: Wesley Wilson, Jr., Wes- 
ley L. Wilson Company, 5938 West 
Montrose Avenue, Chicago, Illinois 
60634. Telephone: (312) 282-5535. 

1 — Type B, SN 018696. Excellent con- 
dition. Contact: J. P. Stein, Emcee 

Electronics, Inc., P. O. Box 32, 177 
Old Churchmans Road, New Castle, 
Delaware 19720. 



i_Type 514D, SN 1163. Price: $300. 
Contact: Mr. Leonard Valle, 3143 Mil- 
dred Street, Wayne, Michigan. Tele- 
phone: (313) 722-2185. 
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l__Type 535A, SN 24917. Price: $1000. 
1— Type 535A, SN 25772. Price: $1000. 
l_Type GA, SN 30061. Price: $225. 

l___Type B, SN 14320. Price: $100. 

Contact: Mr. Charles Weiss, Communi- 
cation Radio, 150 Jerusalem Avenue, 
Massapequa Park, New York 11762. 

1 — Type 575, SN 010888. Excellent con- 
dition. Contact: Jack Cannon, EE Dept., 
Vanderbilt University, Nashville, Tennes- 
see 37203. Telephone: (615) 254-5411. 

1— Type 514 AD, SN 3708, 1— Type 512, 
SN 3286. 1— Type 315, SN 2207. 1— 
Type 53 1/53 A, SN 1714/597. 1— Type 
531/53B, SN 3366/1736. 1— Type 531/ 
53B, SN 619/2672. 1— Type 121. Con- 
tact: Fred Muessigmann, Watson In- 

strument Go., 446 Lancaster Avenue, 
Malvern, Pennsylvania 19355. Tele- 
phone: (215) 647-3777. 

l_Type N, SN 335. l~Type 280, SN 
246. Recently completely recalibrated 
and are in very good condition. Con- 
tact: Mr. Warren Herne, Teledyne, Inc., 
Crystalonics Div., 147 Sherman St., 
Cambridge, Massachusetts 02140. Tele- 
phone: (617) 491-1670. 

1 — Type 576, SN 004583. Excellent con- 
dition, used very little. Completely re- 
calibrated. Price: $900. Contact: Car- 
rier Corp., Carrier Parkway, Syracuse, 
New York 13201. Attn: Jack Fields. 
Telephone: (315) 463-8411, Ext. 3365 
or 3366. 



INSTRUMENTS WANTED 

1 — Used 3B3 Time Base Unit. 1-2 years 
old. Contact: Roger Kloepfer. Telephone: 
(517) 487-6111, Ext. 231. 

1 — Used 611 Oscilloscope. Contact: Mr. 
R. H. Roberts, Dallas Cap and Emblem, 
2924 Main Street, Dallas, Texas 75226. 
Telephone: (214) 742-4511. 

1— Type 647A with plug-ins. Consider 
Type 647 if very reasonable. Any con- 
dition. Contact: John H. Cone, 775 

South Madison, Pasadena, California 
91106. Telephone: (213) 792-5271 noon 
to midnight. 

V — ^Type 519. Contact: George Lichter- 
man, R. E. Goodheart Co., Inc., P. O, 
Box 1220, Beverly Hills, California 
90213. Telephone: (213) 272-5707. 
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1970 CUSTOMER FACTORY TRAINING SCHEDULE 

The curriculum for the Tektronix Customer Training Center in Beaverton, Oregon, is listed below. 
Courses vary in length from 2-4 weeks and are provided at no cost for customers passing the Tektronix 
Entrance Exam. For further details on the Tektronix factory training program, refer to the August, 1968, 
Service Scope pages 8-9. For additional information and course availability, consult your local field 
engineer. 



January 12-23 
March 16-27 
June 1-12 
August 17-28 
November 2-13 



454/453/422 

January 12-30 
March 16-April 3 
June 1-19 

August 17-September 4 
November 2-20 



Ana^vzer 



491/1L10/1L20/1L30 

May 4-15 
October 5-16 



Specify ni Analyzer 
191 /I LI 0/1 L20/1 L30/1L5 

May 4-22 
October 5-23 



530/540 

February 2-13 
April 13-24 
September 14-25 
November 30-December 11 



530/540/545B/1A1/W 

February 2-20 
April 13-May 1 
November 30-December 18 



530/540/550/1 A1 

September 14-October 2 



544/546/547/566/1 A1 

April 13-May 1 
August 17-September 4 



siorage 

549/564B 

June 15-26 



561B/3A6/3B3 

February 23-March 6 
July 27-August 7 



561 B/3A6/3B3/565/5648/2B67 

February 23-March 13 
July 27-August 14 



Sampiiiiq 

561B/3S2/3T2 

May 4-15 
October 5-16 



Sampling 

561B/3S2/3T2/1S2 

May 4-22 
October 5-23 



e^ampiina 

561B/3S78/3t77A 

March 23-April 3 
September 14-25 



Sampling and Readoijt 
561 B/3S76/3T77A/6R1 A 



March 23-April 10 
September 14-October 2 



Sampling and Readout 
568/3S6/3T6/230/241 

February 16-March 6 
June 8-26 

November 30-December 18 



547A/11I 



August 3-14 



585A/82 

July 6-17 



585A/82/545A/1A1/^ 

July 6-24 



New Generation 
7704/7A12/7A16/7870/7B71 

November 30-December 18 



S-3130 Digital Systein 

January 12-February 6 
March 9-April 3 
April 13-May 8 
July 6-31 

September 14-October 9 
October 19-November 13 




A DUAL-BEAM FAMILY 

Now both dual-beam storage and non-storage 
oscilloscopes are available with large screen and 
auto scale-factor readout. Measurement ease 
and accuracy are increased by human engineer- 
ing and performance features. 



COVER — Long-term changes in a voltage controlled 
filter response curve are plotted by both beams of 
the 5031 Split-Screen Storage Oscilloscope. This 
Instrument Is holding and simultaneously display- 
ing history” as new Information Is recorded and 
erased. 



LARGE SCREEN AND READOUT 

The new, 50% larger screen area plus scale-factor read- 
out displays more information than previously possible. 
These unique features provide new measurement ease 
in this complete family of dual-beam oscilloscopes. All 
six instruments have a display area of approximately 
10 X 12.5 centimeters. The internal graticule is scaled 
in an 8 X 10 division format on the 6% -inch dual-beam 
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A cabling change is instailed by Prototype Technician, San- 
dra Lowe. Superior construction starts early in Tektronix 
instruments. 



CRT and the large-screen area of the 50v30 and 5031 
oscilloscopes allows generous separation of displays. For 
example, a display of two waveforms, each occupying 
4 centimeters, will be separated by 2 centimeters. 

This dual-beam series uses no time sharing as is re- 
quired in a dual-trace instrument. The possible errors 
in time correlation between traces in dual- trace alter- 
nated modes are eliminated and true simultaneous dual 
displays are established. No resort to special control 
setups and trigger sources is necessary. Each inde- 
pendent beam has its own vertical amplifier and sep- 
arate intensity control, and one time base drives both 
beams simultaneously. 

The 5030/5031 Series uses fiber optic readouts to ease 
interpretation of deflection factors for both visual obser- 
vation and photographic recording. The large fiber optic 
readout panel (located just to the right of the CRT) 
places each scale factor in the logical place; where the 
operator is looking. The user is not distracted by 
searching for scale factors near the knobs where most 
instruments locate this information. 

Each readout is activated by the amplifier and time- 
base controls that affect changes in calibration and 
modes of deflection. Voltage, current and time units 
are all automatically selected by the same switches that 
control the internal circuitry used for these three modes. 
The automatic display of scale factors includes indica- 
tion of an uncalibrated condition during the use of a 
variable time or deflection sensitivity control. When an 
operator wants to use a variable control, he pushes the 
recessed control causing it to pop out to an active posi- 
tion. An active variable will be indicated by a greater 
than sign (>) just to the left of the appropriate read- 
out. A second push removes the > sign from the read- 
out and restores calibrated operation. 



The user will see a crisp, high- re solution display over the 
full screen for both beams, as a sharp presentation is 
maintained at varied intensity settings with no adjust- 
ment. There are no front panel focus or astigmatism 
controls to contend with. Deflection defocus is less than 
1.5 to 1 on any axis. To assure display accuracy, an ad- 
ditional deflection element has been added to the CRT. 
This element is driven by an active geometry circuit that 
corrects geometry dynamically with beam position infor- 
mation. 

CONTROL LOGIC 

A versatile, single- be am instrument has many modes of 
operation. A versatile, dual-beam scope should have 
more modes than a single-beam unit. The 5030/5031 
Series has this mode versatility, but it does not add 
complexity to the operator’s tasks. 

Instrument design ev^olves over a period of time and re- 
flects tlic original objectives and inspirations of the 
people involved. This design effort in the 5030/5031 
Series is reflected by the logic of each control and the 
grouping of controls. The operator using these controls 
gets results quickly and without ambiguity. The design 
effort in the 5030/5031 Series has produced fewer con- 
trols, each with maximum usability and simplicity, while 
increasing the number of operational modes. 

Operating modes are not always easily identified in some 
instruments. A control can mislead an operator when it 
is not in use. If a control looks no different, active or 
inactive, the user may be uncertain as to what mode is 
really in use. The 5030/5031 instrument group positively 
identifies the mode in operation. The user does not sense 
any ambiguity of control meaning when making meas- 
urements with this series. 

Four methods of identification are used in the 5030/ 
5031 Series: 

1. The CRT Display 

2. Panel Indicator Lights 

3. The Fiber Optic Readout 

4. Illuminated Push Buttons 

Panel lights are common to many instruments. The usual 
applications of scope panel lights are in warning indica- 
tors such as “uncal”. The 5030/5031 Series uses only one 
panel light, the magnifier “on” indicator. The impor- 
tant indication of “uncal” has been moved from the 
panel to the display area where it logically belongs. The 
use of a variable control places a greater than sign ( > ) 
where the user needs it, in front of the appropriate fiber 
optic scale-factor readout. 
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Mode Identification 

Push buttons quickly establish the mode needed for a measurement. Illumination of the push buttons activated complete the 
identification of mode. 




An example of mode identification and control usage 
is revealed by a look at the front panel and the display 
area. Channel 1 and Channel 2 are readily switched 
from a voltage to a current mode. When operating in a 
voltage configuration, the push-button switches in use 
will be illuminated and the scale-factor readout will 
indicate voltage units. Pushing the Current button will 
extinguish illumination of all switches unique to voltage, 
change the scale-factor readout to current units, and 
illuminate the current button. Switches common to both 
current and voltage remain illuminated when active 
after mode change. 

Scale-factor readout, control illumination and color 
keying allows the new user of the 5030/5031 Series to 
rapidly feel at home because ease has been designed into 
this dual beam measurement system. 

NEW CAMERA EASE 

Reduction of photographic errors and adjustment effort 
have been achieved in a new camera. Prior to the intro- 
duction of all the new Tektronix cameras, waveform 
photography could require considerable trial and error 
setup efforts. Several new approaches have been incor- 
porated in this new camera series to minimize focus and 
exposure errors. 

The C-70 is designed for the 5030/5031 and other Tek- 
tronix instruments with Gj/s-inch CRT’s. The C-70 does 
not require a focus plate. This camera uses two adjust- 
able bars of light projected onto the CRT to simplify 
adjustment. Alignment of the light bars with one focus 
control quickly sets the camera for sharp results. 

With an easy adjustment of a projected photometer 
spot to match the trace intensity, the C-70 camera user 
can set the correct lens opening for proper exposures. 



This photometer spot is new to oscilloscope cameras and 
plays an important part in the quick and error-free set- 
up of all the new Tektronix cameras. After setting- 
exposure, any subsequent adjustment of shutter speed or 
f-stop, automatically adjusts the complementary control 
to maintain correct exposure value. 




SYNC 



SELECT FILM SPEED 
PUSH APERTURE 

knob in and turn 

TO MATCH SPOT-TO- 
TRACE brightness 
I WITH APERTURE 
knob out TURN TO 
SELECT APERTURE/ 
SHUTTER SPEED 
COMBINATIONS 



PWR 



ON 



MODE, 



C-70 OSCILLOSCOPE CAMERA 



f1,9 .575 MAG 

PAT. PENDING 



OPEN 



SHUTTER 



The C-70 Oscilloscope Camera adjustments are made here. 
Correct exposure and sharp focus are quickly set with no film 
waste. 
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TIME BASE AND TRIGGER 

Any YT display requires a stable location of the To 
reference. This point is established by triggering. Early 
triggered- sweep instruments required five distinct steps 
to establish a triggered time base and the desired To 
point. 

Step 1. Set Sweep Stability 

Step 2. Select Trigger Source 

Step 3. Select Trigger Coupling 

Step 4. Select Trigger Slope 

Step 5. Set Trigger Level 

If the operator was ine.xperienced or rushed, he encoun- 
tered difficulties. Even when he strived for optimum 
front panel control settings, he could be frustrated by 
marginal performance resulting from component aging 
effects and improper internal adjustment. 

An ideal scope would automatically establish To with- 
out resorting to control use. Circuit design would elim- 
inate aging effects and the need for internal adjust- 
ments. Tektronix engineering efforts in the 5030/5031 
Series have resulted in a significant step towards an ideal 
triggering and time base system. 

After selection of source and coupling, most scopes re- 
quire slope selection with a separate single-pole, double- 
throw switch. Then, the operator searches for a point 
for sweep start on the trigger waveform. This is com- 
monly done by varying a trigger level control over a 
fixed voltage range to provide a comparator with an 
input that is equal to the desired trigger point on the in- 
coming w ave f o rm . 

Oscilloscopes ordinarily provide some form of auto- 
matic operation based on a zero comparison voltage. 
This allows triggering on all signal levels including low 
level noise and other sources of display jitter. When level 
selection is provided along with automatic operation, a 
level can be selected that eliminates noise triggering. The 
level selected may also exceed a triggerable point causing 
loss of stable display. 

The 5030/5031 Series features fully automatic, hands-off 
triggering. After a source is selected, activation of the 
new PEAK-TO-PEAK AUTO mode will present stable 
displays on virtually all triggerable waveforms without 
adjustment. The simplified triggering of the 5030/5031 
Series is the result of two lines of parallel development 
aimed at usability. One — a simplification of control: two 
— the minimization of internal adjustments and aging- 
effects. 







This one knob selects both slope polarity and triggering 
level. 



The Peak- to- Peak mode uses the trigger signal itself 
to set the limits of triggering level. Peak detectors set 
the upper and lower DC voltages available to the level 
selector so that the level control cannot select a trigger 
point above or below the available trigger signal ampli- 
tude. 

The 5030/5031 instruments, when operated in the Peak- 
to-Peak Auto mode, can be set for any trigger point from 
peak negative through peak positive. Simple rotation 
of the continuous 360° turn Level /Slope control selects 
all the possible level and slope triggering points. The user 
cannot exceed the trigger level range and he does not 
have to stop to select slope. Slope is “selected” by relays 
at the 6 and 12 o’clock positions of the trigger/slope 
control. In the absence of a triggering signal, the time 
base will “free run” to provide a high -duty-cycle, bright 
baseline. 

The Peak- to- Peak Auto mode control is activated by 
pressing a push-button switch located with the other 
trigger push buttons in a color grouped area of the panel. 
All active mode controls are illuminated. 

Two unique Tektronix integrated circuits and six tran- 
sistors perform all functions of triggering and time base 
generation. Only two adjustments are required to cali- 
brate the time base and center the trigger level recogni- 
tion response. The built-in circuit stability minimizes 
time base and trigger problems. 
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TEN MICROVOLTS PER DIVISION 

An instrument with 10 microvolts per division sensitivity 
must reflect concern with the low-level measurement 
environment. Noise and drift in the display must be 
minimized. The amplifier must be capable of reject- 
ing unwanted common-mode signals that often exceed 
the desired input in amplitude. While being used, its 
own operational requirements must not detract from 
the user’s measurement efforts. 

This series has a tangential noise specification of less 
than 15 microvolts in voltage modes and less than 200 
microamps in current modes. Trace stability is excellent 
and is specified as less than 10 microvolts or 0.1 divi- 
sions per hour after 2.5 hours warm up. Less thaU'5 
microvolts per minute drift is achieved after only one 
hour warm up. 

Common-Mode Rejection, a vital specification of a dif- 
ferential amplifier, must be considered over a range of 
input voltages at varying frequencies. The 5030/5031 in- 
strument group maintains at least a 100,000: 1 ratio when 
DC coupled up to 100 kHz at 10 microvolts per division 
to 10 millivolts per division. The ratio is still at least 
500:1 at 100 kHz when AC coupled at 20 millivolts 




10 He 100 Hz 1kHz 10 kHz 100 kHz 

FREQUENCY 



Specified Common Mode Rejection Ratios of both Channel 
1 and Channel 2. 



per division to 10 volts per division. The same atten- 
tion to the circuit design that resulted in excellent noise 
and drift performance has achieved excellent CMRR, 
Another feature representative of the attention to opera- 
tional ease in this series removes a common annoyance 
from AC coupled operation. An input capacitor can 
often cause a trace drift-in period before a measurement 
can be made. When operating in the sensitive ranges, the 
charging of the input capacitor from a test point may 
require a long wait for the trace to stabilize. The nec- 
essary charge time can now be eliminated by using the 
Precharge Position of the vertical input. This will allow 
the input coupling capacitor to charge during the base 
line zero volts reference check. Use of the AC push 
button after precharge will now present a drift-free trace. 

NEW MAGNIFIER DISPLAY 

A novel approach to identifying magnified .sweep dis- 
play is included in the 5030/5031 instruments. Mag- 
nification is an expansion of a portion of a time-base 
display by increasing the gain of the horizontal ampli- 
fier. In either of the “Mag On” or “Mag Off” condi- 
tions, what is centered horizontally in the display area 
should be the same. This centering is an identification 
aid common to most scopes. To further aid the opera- 
tor in identifying the location of the magnified display 
in time on the unmagnified display, a special LOCATE 
button is provided. Pressing this button will restore an 
unmagnified time base when operating “Mag On” 
with an Intensified portion that identifies the location 
of the portion of the sweep magnified. 




The intensified area of the slower display identifies the time 
interval magnified. The faster display is that time interval 
expanded by magnification. Double exposure Is used to 
represent this feature photographically. 



6 





5030/5031 Series Displays 



Channel 1 
YT 

Dual Beam 

Channel 2 



Channel 1 
XY 

Dual Beam 

Channel 2 



Channel 1 
Channel 1 
Single Beam Channel 1 

Channel 1 



Voltage vs Time or 
Current vs Time 
and 

Voltage vs Time or 
Current vs Time 



Volts vs Volts or 
Current vs Volts 
and 

Voltage vs Volts or 
Current vs Volts 



Volts vs Channel 2 Volts 
or 

Current vs Channel 2 
Volts or 

Current vs Channel 2 
Current or 

Volts vs Channel 2 
Current 



Both beams have separate inputs that 
function in all modes. 



XY 

Oscilloscope users usually think first of a voltage-vs-time 
plot (YT) when selecting an instrument. This display 
is the most used mode. YT usefulness is the reason that 
most scopes are designed primarily to achieve optimum 
performance in that mode. XY modes in most instru- 
ments are usually compromised in X-axis performance 
because of YT considerations. Sensitivities, bandwidth, 
phase characteristics, control logic usefulness are often 
less than that found in the Y-axis. 

The XY mode in the 5030/5031 Series is treated as equal 
in importance to a voltage-vs-time (YT) display. The 
user has available at a touch a 10-/j,V per division dif- 
ferential X-axis amplifier with the same characteristics 
as the Y system. This X-axis amplifier is the Channel 2 
amplifier switched into X-axis by a push button. Chan- 
nel 2’s X-axis performance is equal to Channel Ts Y- 
axis characteristics. In the XY mode, phase difference 
between X and Y is only at 200 kHz and is still better 
than 4° at 1 MHz. 



with 20 millivolts to 500 millivolts per division sensitivi- 
ties in 1, 2, 5 steps. Activation of this separate X-axis 
amplifier is a function of the time-per-division control. 
This combined control use eliminates the need for separ- 
ate controls for X-axis mode selection. Inadvertent selec- 
tion of a voltage X-axis is prevented by a positive press 
activated clutch. Any use of X-axis modes is clearly 
indicated to the user by control illumination and auto- 
matic scale-factor readout. 



DUAL-BEAM STORAGE 

The 5031 and R5031 are the new storage scopes in the 
5030/5031 Dual-Beam Family. They feature all the 
modes of the non-storage instruments (5030 and R5030) 
plus Tektronix bistable storage, Tektronix features such 
as split screen and long-term storage at full stored 
intensity are prominent in this pair of instruments. 
Stored writing speed is specified as greater than 20 divi- 
sions per millisecond. 

The split screen allows Tektronix storage tubes to store 
a representative or standard waveform on one half screen 
while tracing other repetitive information in a conven- 
tional non-stored mode for comparison on the other half 
screen. Another split screen use is for the display of a 
signal, single-sweep stored and periodically automati- 
cally erased on one screen area, while the other area is 
used to store several displays. This creates a short-term 
“history” of what has happened. The inclusion of auto 
erase, remote erase, as w^ell as front panel erase for each 
screen area multiplies storage application possibilities. 

The AUTO ERASE mode is often used to monitor 
changing information while looking for .some significant 
display worth saving. The user may desire to stop auto 
erase action and view a particular stored display. Press- 
ing the VIEW control “saves” the stored display for a 
long term look. 

When using an oscilloscope to plot time in periods of 
10 milliseconds or greater, flicker becomes a viewing 
factor. Storage scopes can present a flicker-free display 
by operating in store and auto erase after sweep modes. 
Since the time needed to erase becomes a significant 
factor in such displays, the 5030/5031 Series storage 
scopes have reduced erase periods to 2 milliseconds. No 
information is lost during this erase because the period 
is usually shorter thd.n sweep retrace times. 

Each screen can be separately or individually erased 
automatically or remotely from an electrical input, as 
well as manually from the front panel, or remotely by 
use of an optional accessory. 



An unusual mode available in this line of instruments 
is the plot of two variables against a third. Channel 1 
and 2 are plotted against a common X-axis amplifier 
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DATA COMMUNICATION BASICS 

by Emory Harry, Tektronix Field Engineer 



The high rate of information transfer possible 
with the T4002 Graphic Computer Terminal 
places increasing emphasis on the considera- 
tions of using voice-grade data communication 
channels. Further development of techniques 
currently available offers promise of much 
higher data rates in this basic communication 
building block. 



BAUD VS BIT 

A bit (Binary digiT) is a digit (0, 1) in a numbering sys- 
tem with a base of two. The term baud refers to a unit of 
signaling speed. Baud is usually defined as the reciprocal 
in time of the shortest code element. ONLY under one set 
of circumstances (all code elements equal in time with two 
level signaling) are bit rate and baud identical. Although 
they are often used interchangeably, if the code elements 
are not ecpial in time or if multi-level signaling is used, sig- 
nificant differences may exist. 

Data Communication is normally considered to be com- 
munication of anything other than voice or video. In the 
United States, over 2,000 common carriers offer communi- 
cation facilities and services for the transmission of voice, 
data, video, facsimile, telemetry, etc. These companies are 



regulated by federal (interstate), state (intrastate), and in 
some states, municipal agencies. 

The tariff structure is very complex and it is usually nec- 
essary to contact the sales office of the local common cai'- 
rier to determine the exact charges for the service you 
require. Differences between intrastate tariffs and inter- 
state tariffs vary widely throughout the country, and thus, 
the wise user looks closely at all alternatives in designing a 
Data Communication System. 

Several grades of communication channels are presently 
available for data communication. 

Telegraph Grade Channels — 45 to 75 Baud 

Sub Voice Grade Channels — 110 to 600 Baud 

Voice Grade Channels — 300 to 2400 Baud 

Broad Band Channels — up to about 1 Mega Baud 

There are two basic types of voice grade channels: DDD 
(Direct Dial Distance) and Leased (Private). The band- 
width is similar (300 IT/ to 3000 PIz), but other character- 
istics differ measurably. Leased lines avoid local central 
office switching equipment and are much less subject to 
noise. Several levels of line conditioning are usually avail- 
a])le on leased lines to compen.sate for the undesirable char- 
acteristics such as envelope delay, frequency distortion, etc. 
Although line conditioning is more expensive, higher trans- 
mission rates are possible. 9600 Baud is currently practical 
on voice-grade, conditioned, leased lines. 
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BASIC COMMUNICATION 

Communication channels may be categorized as simplex, 
half-duplex, or full duplex. These transmission modes 
refer basically to whether the channel can transmit data 
in one direction only, one direction at a time, or both direc- 
tions simultaneously as shown in the drawing. A two-wire 
circuit may be used for full duplex operation by employing 
frequency division multiplexing (a different portion of the 
channel’s frequency spectrum is used to transmit in each 
direction). 

Full duplex or half-duplex does not mean that the channels 
are symmetrical or of equal bandwidth in both directions. 
If the data transmitted in one direction is originating from a 
keyboard, the slow transmission makes it wasteful to divide 
a voice grade channel equally. Modems are available which 
transmit full duplex at the rate of 110 bits per second in 
one direction (keyboard) and 1200 bits per second in the 
opposite direction (computer). 



SIMPLEX 
ONE WAY 



HALF DUPLEX 

TWO WAY (NOT SIMULTANEOUS) 



TWO WAY%I MU LT AN EOUS) 



Basic Data Transmission Methods 



Supervisory Channel describes a very low bandwidth reverse 
channel that is used only to send control information. This 
Supervisory Channel is sometimes as slow as five bits per 
second. A channel which transmits data in one direction 
and supervisory information simultaneously in the other 
is not normally considered full duplex. 

Echo-plexing is not another mode, but its operation is sim- 
ilar. Echo-plexing describes the operation whereby data is 
transmitted in one direction and is then turned around 
and sent back to its source for verification. Echo-plexing is 
being employed if data is sent out from the terminal key- 
board, goes to the computer or interface, and then is sent 
back to the terminal where it goes to the character gen- 
erator and is displayed. If an error occurs in communica- 
tion, the operator detects it since the letter on the display 
is different from the keyboard input. 

Echo suppressors are used in long distance transmission to 
reduce the effects of channel discontinuities on voice com- 
munication by introducing attenuation in the line opposite 
to the direction which the voice is traveling. Echo sup- 
pressors are switched by voice detectors, and should be out 
of the circuit when data is being transmitted. They can be 
.switched out of the circuit by transmitting energy solely 
in the band from 2000 Hz to 2250 FIz. After the switching, 
transmission may utilize the entire frequency spectrum of 
the channel, but if energy is interrupted, the echo suppressor 
is automatically switched back into the line. 

SERIAL VS PARALLEL 

Transmission of data falls into two basic categories: serial 
and parallel transmission. In parallel transmission, several 
code elements are transmitted simultaneously through in- 
dividual channels. For example, a five-level teletype code 
would require five separate channels; a seven-level ASCII 
code would require seven channels. Using multiple voice- 
grade lines provides a very high data transfer rate, but for 



The Tektronix T4002 Graphic Computer Terminal provides interactive displays in a timesharing environment. At left, Emory 
Harry in a cfassroom application. At right, Ken Nordiing checks a graphic mode. 
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most purposes, this approach is excessively expensive. The 
same results can be achieved by frequency-multiplexing a 
single voice grade channel and irsing a separate portion of 
the frequency spectrum for each code element. However, be- 
cause perfect filters are not attainable, frequency multiplex- 
ing wastes bandwidth. Parallel transmission is not practical 
for terminal applications unless the transmission di.stance 
is very short, making it unnece.ssary to use telephone lines. 

In serial transmission, the code elements are sent sequentially 
with each element occupying its own time slot in a form of 
time multiplexing. Although serial transmission normally 
requires more expensive hardware, the cost is more than off- 
set by the fact that a single communications channel can be 
u.sed. Serial transmission results in a much lower rate than 
is possible with multiple channels in parallel transmission. 

Data transmission may be further divided into two categories: 
asynchronous and synchronous. Asynchronous transmission is 
used by most devices whose code elements are not generated 
uniformly in time. For example, the data rate output at a 
keyboard is a function of the speed at which the operator 
types. 

When using asynchronous (start/stop) transmission, extra 
elements arc sent with the data to identify and synchronize 
it. An extra element or bit is sent ahead of the data bits 
(start bit) and either one or two bits are sent after the data 
bits (stop bits). The group of bits that form each character 
has no definite time relationship with the previous or suc- 
ceeding group of bits. 

When transmitting synchronously, the characters have a def- 
inite time relationship to one another. Normally, a char- 
acter is .sent immediately after the proceeding character 
with no time lag between them. This type of transmission 
is generally more practical for devices that generate a con- 
tinuous flow of data. 

In synchronous transmi.ssion, it is necessary to periodically 
interrupt the data flow to send synchronizing information. 
Becau.se the ratio of synch ronizj'ng bits to data bits is much 
lo^ver in a synchronous system, the information transfer rate 



is proportionally higher. Codes have been developed that 
are self-synch ionizing and require no synchronization bits to 
be transmitted, but these codes are not commonly used 
because of the expensive hardware required. 

The T4002 can be used with modems (modulator demodula- 
tors) designed for either synchronous or asynchronous opera- 
tion. When employing a synchronous modem, however, 
start and stop bits are still required. 

MODULATION TECHNIQUES 

Modems are necessary to efficiently transmit data since the 
basic transmission medium, telephone lines, is not ideally 
suited to the transmission of data. The bandwidth of a voice- 
grade channel is normally from about 300 Hz to about 3 kFIz. 
Modulation maximizes data transmission rate while minimiz- 
ing the effects of noise, distortion, etc. 

A number of considerations are important when selecting 
the type of modulation. Error control, equipment cost and 
complexity, available bandwidth, signal-to-noise ratio of 
channel, and type of code, all enter into the modulation sys- 
tem selection. Amplitude, frequency or phase modulation 
may be used, with some systems combining these techniques. 

Frequency modulation, where frequency varies as a function 
of input code, is used on many lower-speed modems. Usu- 
ally, a specific type of frequency modulation called fre- 
quency shift keying (FSK) is used in which one frequency 
represents a binary zero and another represents a binary one. 

Many of these modems arc designed to cradle the telephone 
handset and are called acoustic couplers. The signal is 
acoustically coupled from the telephone handset to a trans- 
ducer in the modem, rather than the connection l^eing made 
physically. Though this approach is convenient for low-speed 
communications, high-speed communications require a dif- 
ferent approach. 

.Amplitude modulation, where amplitude varies as a function 
of input code, is used on many higher speed modems. Usu- 
ally, a specific type of amplitude modulation called ve.stigial 
sideband is used. 
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Basic Modulation Techniques 

Phase modulation is used on many of the higher speed syn- 
chronous modems, e,g., the Bell 201 Series. These multi- 
level modems generally do not employ more than four levels 
(each 90° of phase representing a level) because of noise 
and distortion limitations. When four increments of 90° are 
used, each level represents a two bit pair called a dibit. The 
Bell 201 Series that transmits four dibits (00, 01, 10, 11) is 
capable of data transmission rates of 2400 Baud. As the num- 
ber of levels goes up, the modem becomes increasingly com- 
plex and expensive and the amount of line conditioning 
becomes impractical. 

Modems are availal)le which have their own adjustable con- 
ditioning or equalization networks. In addition, others are 
available with automatic equalizers which allow the modem 
to adjust to changing line conditions. As the degree of sophis- 
tication increases, however, so does the cost of the hardware. 

Many variations and comlDinations of these three basic forms 
of modulation may be u.sed in the future. 



MULTIPLEXING 

Multiplexing is a term used to describe the techniques used 
when combining several signals for transmission through a 
single channel. 

Frequency multiplexing is the most common method in data 
communications. It is characterized by shifting of signal 
spectra so that no two spectra overlap. Shifting is usually 
accomplished by heterodyning. For example, a single voice 
grade channel can be divided into two frequency bands, one 
from 500 Hz to 1-400 Hz and another from 1700 Hz to 2600 
Hz. This creates two effective channels that can be used to 
send data in both directions simultaneously. Each channel 



uses le.ss than half of the original bandwidth since a guard 
band is necessary between channels because of filtering 
limitations. 

Time multiplexing is characterized by the interlacing in time 
of input data samples. Much less of the original band\vidth 
is lost using this technique than with frequency multiplexing 
because the time between channels can be very short. 

Other forms of multiplexing such as Linear Addition Multi- 
plexing, Orthogonal Multiplexing, and Polarization Multi- 
plexing may all find wider use in the future. 



BIT CODING TECHNIQUES 

A wide range of techniques are currently available for cod- 
ing bits. Assume that a series of 7 bits has 4 true and 3 false 
bits. A, B, C, D, and E arc five different bit coding methods 
that might be employed. Each technique (and the many 
others that arc not represented) have characteristics which 
will make them desirable in one application and not in 
another. 

Sequence A illustrates the pulses at the output of a computer 
register. In most FSK modems, the train appears as B 
where 1 is transmitted at fl and 0 is transmitted at f2. The 
modulator shifts between frequencies depending on whether 
the bit is 1 or 0. This technique is .sometimes called NRZ 
Mark (Non-return to Zero Mark). (One and zero have long- 
been referred to in telegraphy as mark and space.) Note 
that there are fewer transitions in a given length of time 
and thus bandwidth is conserved. 

C is a code that might be used if more synchronization in- 
formation is required than is inherent in B. In C, there are 
always 2 transitions made in each unit of time. This code 
is usually called bipolar RZ (Return to Zero). 

D is a code where bandwidth is of major consideration. A 
transition is made for each logic “1.” This code is normally 
called differential NRZ. 



10 110 0 1 




REGISTER OUTPUT 

10 110 0 1 




NRZ MARK 

10 110 0 1 




10 110 0 1 




DIFFERENTIAL NRZ 




Bit Coding Techniques 
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E is a code where a bipolar bit occurs on each new series 
of pulses. Each time the bit changes from 1 to 0 or 0 to 1, 
a pulse, either negative for 0 or positive for 1, is sent. This 
code is good for conserving bandwidth if long series of Ts or 
O’s are anticipated. 

There are many different bit coding schemes that offer ad- 
vantages and disadvantages depending upon the application. 
Bandwidth, synchronization, cost of coding and decoding 
hardware, and power consumed are all important character- 
istics of any system chosen. 

CHARACTER CODING 

A large number of character coding schemes are currently 
used, such as the Baudot, EBCDIC, and ASCII Codes. The 
most universal code is the USASCII (United States Ameri- 
can Standard Code for Information Interchange) shown in 
the diagram, 7 bits with 128 permutations. These codes 
are generally termed quiet channel codes as they are designed 
for channels with relatively high signal-to-noise ratios. 

Error detecting and error correcting coding techniques are 
accomplished by adding redundancy to the code. The amount 
and type of redundancy designed into a code is usually de- 
termined by how serious the effect of errors is. If the data 
is perishable, a large amount of redundancy may be designed 
into the code. In most computer terminal applications, 
where the channel is a phone line, the major source of errors 
is the operator, not the hardware, and thus, little redundancy 
is designed into the standard Data Communication code. 
Usually, a single parity bit is added to each character which 
makes the total number of bits in the character either odd or 
even. This allows most errors to be detected, but not cor- 
rected. When poorer signal-to-noise ratios are encountered, 
or when it is necessary to correct as well as detect errors, 
more sophisticated coding techniques are employed. One 
such technique is simply the addition of more than one parity 
bit. 

Adding additional parity bits allows a larger number of errors 
to be detected, or permits the same number with a lower 
signal-to-noise ratio. When parity bits are added in sufficient 
numbers, the correction of most errors is feasible. Of course, 
the higher the level of error control, the higher the cost and 
the lower the information transmission rate. 
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USASCII Code 



INTERLACING 

This is a term which is used to describe a technique which 
is similar to time multiplexing and is used to effectively 
normalize impulse noise, a form of noise that is the largest 
source of data communication errors. Each character ( 7 bits, 
if the code is USASCII) plus 4 parity bits is stored in some 
form of storage device such as a flip-flop register. When as 
many characters are stored as there are bits in the code, in 
this case 1 1 characters, then the information is read out, but 
not as it was stored. One bit from each of the eleven char- 
acters is transmitted. For example, bit one from each of the 
eleven characters is sent together, then bit two from each 
of the eleven characters, until all 121 bits are sent. If an 
impulse should occur during transmission that would nor- 
mally destroy one character, now only one bit from each 
character is lost and the one-bit error can be detected and 
corrected. 

This is a very effective technique, particularly if multiple 
parity bits are also transmitted so that error detection and 
error correction are both possible at the receiving end. The 
technique is not as useful for asynchronous as for synchro- 
nous transmission. 
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Five words are read in horizontally (A), The five words are 
scanned verticaily and transmitted as in B. If a noise impulse 
strikes word three, the data appears as C when received. 
Vertical scanning C constructs five words with one error bit 
(D). If the code has sufficient redundancy, the original words 
(10101) can be reconstructed. 



STANDARDIZATION 

Attempts have been made at standardizing on a universal 
code. This code is the ASCII Code, American Standard Code 
for Information Interchange. The USASCII discussed earlier 
is that W'hich has been found to be the most universally ac- 
cepted. The ISO (International Standardization Organiza- 
tion) has proposed both 6 and 7 bit character sets for inter- 
national information processing interchanges. 

The Electronic Industries Association Standard RS232B (In- 
terface Between Data Processing Terminal Equipment and 
Data Communications Equipment) is a standard which 
specifies such things as connector type, pin assignments, volt- 
age levels, impedance, etc. El A RS232C is a new standard 
which attempts to make compatible RS232B and the CCITT 
(Consultative Committee for International Telephone and 
Telegraph) Standards. 
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SERVICE SCOPE 





Troubleshooting Sampling Systems 



By Charles Phillips 

Product Service Technician, Factory Service Center 

Confidence and knowledge enable a service technician to com- 
plete his services with best results. Confidence in servicing 
sampling scopes is sometimes prevented by unnecessary awe of 
subnanosecond region instrumentation. With normal prep- 
aration, you will find much of your knowledge and ex- 
perience with real-time scopes is of direct value when work- 
ing on these “fast” scopes. 

This article will discuss adjustments and troubleshooting in 
vertical systems with particular emphasis on the Sampling 
Loop. All Tektronix Sampling Oscilloscopes'^' use an error or 
difference detecting technique. Since they use this technique, 
you will find a similarity in the various sampling systems. 
These similarities allow' us to work in this article with a 
“composite sampling scope” and make some generalized state- 
ments about samplers. These generalizations should not be 
used in place of specific information included in your instru- 
ment’s instruction manual. That manual’s calibration section 
should be your source of specific adjustment information. 
Your Tektronix Field Engineer can aid you further wdth 
your individual requirements. 

A display visible on screen is the most valuable aid avail- 
able to you. Here are a few ideas on getting that trace, 
unit exception. 

Sampling Notes and Sampling Oscilloscope Cir- 
cuits by John Mulvey are two publications avail- 
able from your Tektronix Field Engineer that are 
valuable sources of sampling facts. 



We should start w-ith the output of the vertical system. Out- 
put circuitry is straightforward. It amplifies the output of 
the Sampling Loop to drive the vertical deflection .system. 
It can be isolated from the Sampling Loop by sliding the 
NORM/INYERT switch to its center. This blocks the input 
to the output circuits and wHl allow you to localize the off- 
screen problem to the “loop” or the “output”. 

After you have the “output” functioning, set the NORM/ 
INVERT switch to NORM, If no trace is on screen, you 
should suspect the loop. Try the following: 

1. Apply a 25-kHz squarewave of approximately 300 mV 
to the input. Use 200-mV/div sensitivity. 

2. Free run or trigger the time base and use about 10 dots 
per division, zero the offset (use meter at output jack) 
and the Position control should bring the display on 
screen. If the position control does not do the job, cen- 
ter it at about 12 o’clock. 

3. If step 2 does not produce a display, vary each of 
the internal adjustments in the “loop” and sampling 
gating pulse generator full range, one at a time, remem- 
bering the original settings. If an adjustment does not 
reveal a display, return it to its original setting and 
proceed to the next one. If any adjustment brings the 
display on screen, attempt to achieve a correct response 
by using your manual. If all adjustments fail, leave them 
in their original position and proceed to the trouble- 
shooting information. 
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SOME INFORMATION ON ADJUSTMENTS 

The section of the sampling system that is located within the 
Sampling Loop has the most effect on waveform, risetime, 
aberrations, and vertical trace position. The adjustments we 
will discuss often interact and may appear to have the same 
function. This interaction and similarity of results on screen 
should be explored to get the “feel” of the system. This 
“feel” cannot be derived from any written material. 

No harm will result if you try extreme range combinations of 
the adjustments. By this exploration of extreme settings, 
you rapidly build confidence by gaining knowledge and ex- 
perience. 

Memory 

Memory Balance — Purpose: To adjust for no trace shift when 
“smoothing” (front panel) is operated. Effect: See purpose. 

Memory Gating Pulse Width — Purpose: To allow memory to 
I'espond to the full input signal. Effect: Will cause “rounded 
corners” of signal at one extreme (gain <1) or oscillation 
(gain >1). 

Amplifier 

Loop Gain — Purpose: To adjust for maximum signal to the 
memory. Effect: Will cause “rounded corners” of signal at 
one extreme or oscillation at the other. May also be located 
in the memory. 

Dot Response — Purpose: A front panel adjustment to main- 
tain a loop gain of 1 after internal adjustments have been set. 
Effect: Similar to loop gain (very evident when using a ran- 
dom sampling system). 

Smoot fimg — Purpose: A front panel control for minimizing 
noise. Effect: Similar to loop gain, but usually its effect 
varies from unity gain to less than 0.5 gain. 

Sampling Gate 

Sampling Gate Volts — Purpose: To set voltage across gate 
diodes, normally about 2 volts for proper display risetime and 




Here's where most of the fast action occurs. A four-diode 
bridge makes the sub-nanosecond voltage sample. The two- 
diode memory gate accepts processed sample and holds the 
information for CRT vertical deflection. 

dynamic range. Effect: Risetime is changed as adjustment is 
made. 

Samplmg Gate Balance — Purpose: To neutralize trace shift 
as mV/div switch is rotated. Effect: See purpose. 

Blowby Compensation — Purpose: To neutralize capacitance 
in the sampling gate. Effect: Will change aberrations in the 
2-ju,s interval after risetime. 

Strobe Pulse Generator 

Snap-off Current — Purpose: Adjusts strobe pulse for best 

resulting display risetime. Effect: Has the most significant 
control over risetime. 

Avalanche — Purpose: To drive the sampling strobe source 
with minimum noise and jitter. Effect: In addition to noise 
and jitter effect, there are some risetime effects. 

All the adjustments in the loop and strobe generator will have 
some loop gain effects. It is usually worthwhile to recheck 
for unity gain using your manual information after complet- 
ing adjustments. 




The sampling gate is unable to fully charge the amplifier input capacity with one sample. Feedback after the gate completes 
the charging process. Adjustments in the 'Loop” produce (1) less than full charge (gain <^1) (2) full charge (gain = 1) (3) 
more than full charge (gain >1). 
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SOME SOLUTIONS 



BREAKING THE LOOP 



Problem: 

Check: 



Problem: 

Check: 



Problem: 

Check: 



Problem: 

Check: 



Pi'oblem: 

Check: 



Dot transient response difference between plus 
and minus signals. 

If more than 10% difference, sampling gate 
should be replaced. 

Baseline shift with change of trigger frequency. 
Set front panel controls for a free- running trace 
at 2 mV/div (or highest sensitivity). Change 
time/div through entire range. Trace shift should 
be less than 2 divisions. If more, the sampling 
gate diodes should be interchanged. Replace 
diodes if necessary. 

Memory slash (vertical elongation of dot at low 
trigger rates). 

Trigger sweep at 10 Hz; if slash is more than 0.6 
divisions, interchange memory diodes or replace 
them. Other sources of slash are tubes and FET’s. 

Noise, micro phonics, level changes, gain changes. 
Sampling gate diodes seated with proper clip ten- 
sion. Grounds solidly made, soldered properly 
and mechanically tight. Input connectors tight. 
Input 50-S2 resistors should not be discolored and 
should be within ± 1 Nuvisor socket should 
have sufficient tension in tab slots for good 
grounds. 

Display tilt. 

If problem is most noticeable at about 1 MPIz, 
the sampling gate is most suspect. Try blowby 
adjustment, then gate diodes. If interaction be- 
tween both channels is noticeable, especially at 
certain positions on screen, check output ampli- 
fier tubes and channel switching diodes. 



The feedback in the Sampling Loop can be disabled to 
further localize problems. Isolation of the memory can be 
easily accomplished by lifting one end of the memory gating 
diodes. Some instruments use built-in clips for resistor in- 
sertion for isolation. If this provision is made, see your in- 
struction manual. 

The sampling gate may be isolated by disconnecting the cen- 
ter arm of the sampling gate balance. This will allow you to 
check for proper voltages around the gate circuits. You may 
wish to remove the diodes to check for proper bridge voltage 
before replacing the gate diodes. 



CORRECTION 




Input 


Output 
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0 

01 


LO 


LO 


No change 




HI 


HI I LO 


HI 


LO ; 


LO I HI 


i HI 


I HI 


Undefined 



Frankly, our truth tables are a pack of lies! 

In the December Issue, the article “A Basic 
Logic Review” had a mistake in the R-S Flip- 
Flop Truth Table. A corrected table is shown 
above. Our thanks to our readers for notify- 
ing us and our apologies for not detecting it. 

The Editor 



INSTRUMENTS FOR SALE 



1 — ^Type 511 AD. In operating condition. 
Contact: Bruce Blevins, Box 2012, Socor- 
ro, New Mexico 87801. Telephone: (505) 
835-5555. 

i — Type SHAD. Good condition. Will 
accept reasonable offer. Contact: M. R. 
Sparks, 104 Ward Street, Oxford, North 
Carolina 27565. 

7— Type 535A/CA. 1— Type 543B. 

Other 530/40 Series with plug-ins. Con- 
tact: Mr. Posner, Pacific Engineering 
Company. Telephone: (213) 225-6191. 

1— Type 547, SN 11965. 1— Type lAl, 
SN 24603. Both brand new. Contact: 
Mr. G. Schneider, Space Electronics, 40 
Cottontail Lane, Irvington, New York 
10533. Telephone: (914) 591-8681 or 
8774. 

1— Type lAl, SN 016111. 1— Type 

1A2, SN 006740. 1— Type 516, SN 
004789. Contact: Bob Smith, Interactive 



Data Systems, P. O. Box A-O, Irvine, 
California 92664. Telephone: (714) 549- 
3329. 

1 — Type 516. Just calibrated and in ex- 
cellent condition. Price: $600. Con- 
tact: Heinz Frederick, Data Products 
Corp., 6219 De Soto Street, Woodland 
Hills, California 91364. Telephone: 
(213) 887-8219. 

1— Type 581, SN 966. 1— Type 82, SN 
7944. 1— Type C-40, SN 10639. Recon- 
ditioned by Tektronix one and one half 
years ago. Lot Price: $1900. Contact: 
Ken Marich, Stanford Medical Center, 
Room 230, Stanford, California 94304. 
Telephone: (415) 321-2300 Ext. 6071. 

1 — Type 546/ lAl. Good condition, small 
amount of use. Price: $1900. Contact: 
Don R. Green, Ferson Optics, P. O. Box 
629, Ocean Springs, Mississippi 39564. 

1 — Type 575 Mod 122C and 1 — Type 
202-2. Used approximately 30 hours. 
Price: $1000. Contact: Mrs. Wainwright, 
I-Tel Corp., 10504 Wheatley Street, 
Kensington, Maryland 20795. Telephone: 
(301) 946-1800. 



1— Type 545, SN 15990. 1— Type CA, 
SN 9652. Price: $1250. Contact: Les, 
575 South Barrington, Apt. 202, Los 
Angeles, California 90049. Telephone: 
(213) 472-0882. 

1 — Type 541, SN 693. Best offer. Con- 
tact: Mr. Greg Jigamian, Hanson Hawk, 
Inc., 20327 Nordhoff St., Chatsworth, 
California 91311. Telephone: (213) 882- 
9600. 

4___Xype RM503, SN 001848; SN 
001651; 00905; and SN 001866. Price: 
x$450 each. Contact: Stuart Ex, 14827 
Cohasset, Van Nuys, California 91405. 
Telephone: (213) 786-7672 or 873-7672. 



INSTRUMENTS WANTED 



1 — Type 2B67 Time Base. Contact: F, 
O. Wiseman, T. B. Woods & Sons 
Co., Chambersburg, Pennsylvania 17201. 
Telephone: (717) 264-7161. 
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A DUAL-BEAM FAMILY 



SCALE FACTOR READOUT 

Control settings, probe attenuation values, and magnifier 
settings are all taken into consideration and electronically 
read out in the CRT viewing area. A > symbol is provided 
for uncalibrated settings. 

NEW CAMERA SYSTEM 

The C-70, with its electronic shutter, eliminates much of 
the film waste normally associated with oscilloscope pho- 
tography. Range finder focusing is combined with a trace- 
brightness photometer to simplify and improve oscilloscope 
photography. 



ADVANCED COMPONENT TECHNOLOGY 

Tektronix oscilloscopes make extensive use of Tektronix 
developed and manufactured components to provide the 
user with the most reliable components currently available. 
Low torque cam switches, miniature illuminated push but- 
tons, relays, custom integrated circuits, ceramic cathode-ray 
tubes, and a number of other unique components contribute 
to superior instrument performance. 

NEW DUAL-RANGE ATTENUATOR PROBE 

The P6052 is easily switched from XI to XI 0 attenuation. 
Probe attenuation factor Is sensed and automatically con- 
trols scale-factor readout to display total system deflection 
factor. 



NEW LARGE-SCREEN OSCILLOSCOPE factor. 

More than 50% greater viewing area (over an 8 x 10 cm dis- 

play) is available in the 5030/5031 Family. 1-MHz dual-beam CURRENT PRUBE 

oscilloscope also provides a fiber optic display of scale-factor The P6021 current probe is used without adapter or ex- 
readout. ternal amplifier to allow easy current waveform display. 





This free internet download is 
not intended to be sold on eBay. 




tektronix signal sources 

Oscilloscopes and pulse generators are very closely associated. 
Pulse generators are essential in calibrating the oscilloscope. 
Pulses are formed in many oscilloscope circuits. The measure- 
ment of pulse parameters is the primary purpose of the time 
base oscilloscope. Tektronix has long been engaged in the design 
and manufacture of pulse and other signal sources. 



COVER — Do you see a symbolic CRO or a Signal 
Source symbol? If you see both, the activities of 
Tektronix in two separate, but closely related, in- 
strumentation fields are symbolically joined. 



A new general purpose pulse generator, the Tektronix 
2101, has recently been announced. This instrument is 
easy to operate and yet will produce a wide variety of 
pulses. This article will look at 2101 performance and 
some aspects of pulse source application. 

The 2101 may be divided into two major operating 
sections: Gated Power Output and Gate Timing. This 
two section approach follows a concept of pulse genera- 
tion by gating DC power supplies. The 2101, of course, 
has an AC powered internal DC supply. This supply is 
the ultimate source of output power. It should not be 
confused with the output power sources mentioned 
hereafter. 



^ © 1970, Tektronix, Inc. All Right Reserved. 

U.5.A, and Foreign Tektronix products covered by U.S. and Foreign Patents and/or Patents Pending. 
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TEE ATTENUATOR 



The 2101 has two power output connectors. A pair of 
variable amplitude current sources are operated in 
parallel to each output connector. In each pair, one 
supply contributes plus or minus 40 mA for offsetting 
the pulse starting level or baseline. The other supply 
controls pulse amplitude by adding up to 200 mA to 
the offset current. Each output has an identical off- 
set supply, but the pulse amplitude supply is of posi- 
tive polarity in one pair, negative in the other. When 
the 2101 is operated LATCHED ON, the pulse supply 
is turned on and “pulse” duration is long. So long that 
until the Mode is changed, the 2101 is actually a direct 
current power supply. 

Pulse risetime, falltime, overshoot, droop, and other 
aberrations are primarily caused by the output supply 
circuits. A gated transistor actually controls the ampli- 
tude of the output pulse current. This device is op- 
timized to produce minimum aberrations at 50% am- 
plitude. These aberrations are less than 3% at full 
output amplitude in the 2101. Since all pulse gen- 
erators tend to produce larger relative aberrations at 




When using most pulse generators, it is good practice to 
use higher amplitude outputs with external attenuation when- 
ever minimum aberrations at very low amplitudes are needed. 



low variable amplitude settings, the user should know 
how to minimize aberrations. Whenever low amplitude, 
clean pulses are needed, it is good practice to use high 
amplitude settings and external attenuators for best 
results. 

GATE TIMING 

Period, Duration, and Delay are all gate timing func- 
tions. In the 2101 all three functions are internally 
genei'ated. External sources of these functions may be 
used in combinations with internal timing signals to 
provide additional control of gate timing. The 2101, 
with external control, can produce bursts of pulses and 
pulse periods locked to an external time reference. 
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^'GATING” “POWER SUPPLY” 

The latest Tektronix Pulse Source can be divided into two operating sections. With OUTPUT LATCHED ON the '"power suppiy” 
outputs direct current. In all other modes the "power supply” is "gated” to produce pulses. 
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PROTECTION AGAINST ERRORS 



2901 TIME MARK GENERATOR 



The DURATION and PERIOD controls of the 2101 
interlock to prevent improper duty factor combina- 
tions. Duty factor is the ratio of duration to period. 
Duration must always be less than period. The DURA- 
TION and PERIOD controls rotate independently in 
any less than one duty factor control set up. If either 
control sets up a duty factor condition approaching 
one, the two controls lock and rotate together. 




Duration can change period. This double exposure shows the 
inadvertent doubling of period by misuse of a duration control. 
Both traces are produced with period set to 100 fis. The 
lower trace has “doubled’' period as duration (width) was 
rotated beyond 100 ps. Protection against inadvertent period 
doubling is a feature of the 2101. 

Pulse generator output circuit destruction can occur if 
protection is not built in. The 2101 protects itself from 
shorting loads by being designed as a current source. 
Over voltage protection from inductive kicks and other 
load developed excess voltages is furnished by diode 
protection. Because it is protected, the 2101 can be 
safely coupled to any passive load. 



The new 2901 is one of the most convenient sources of 
accurate timing signals. Twenty time signals are avail- 
able from 2 nanoseconds through 5 seconds, all based 
on a 10 MHz ±; 20 ppm crystal controlled oscillator. 
Push buttons select individual time marks or combina- 
tions of time marks over a 0.1 microsecond through 
5 second range. All timing signals are conveniently 
available at amplitudes of at least 0.3 volts into 50 Q. 
For Z axis and other applications where large ampli- 
tudes are needed 25 volt into 1 kn markers of either 
polarity can be produced. These large markers can be 
used individually or in combination over the 1 micro- 
second through 5 second range. 

A novel feature allows the 2901 to count down from 
external reference signals. Custom markers for radar 
or time signals for other purposes can be easily pro- 
duced. Any two volt signal from 50 kHz to 10 MHz will 
provide the sufficient reference drive. Time reference 
signals lower than 50 kHz reference may be used if 
the rate of rise is >1 volt per microsecond for two volts. 
The 2901 extends the external reference time period up 
to 50,000,000 times. 

In addition to pulse time marks; 2, 5, 10 and 50 ns 
period sine waves are generated. Frequency multipli- 
cation of the 10 MHz internal reference signal assures 
the time accuracy of this group of timing signals. In 
addition to the regular time mark and sine wave out- 
puts a set of eight positive pulses is available for trig- 
gering or other uses. These pulses are selected in de- 
cade steps from 0.1 microseconds to 1 second. The 
trigger output amplitudes are at least 0.5 volts into 50 
ohms or one volt into 1 megohm. This compact, bench 
or field instrument is a useful secondary standard wher- 
ever ac power is available. Extensive use of integrated 
digital circuits in the 2901 Time Mark Generator mini- 
mize the possibility of miscount and simplify mainte- 
nance and reduce calibration time. 




This precision time or period source produces sixteen timing pulses by digital 
countdown. Maximum countdown ratio Is 5 x 10*~* from an internal precision source. 
The 2901 will also accurately countdown external signals. 
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OTHER SIGNAL SOURCES 



114, 115, and R116 

Tektronix manufactures 20 signal sources in addition to 
the 2101 Pulse Generator and the 2901 Time Mark Gen- 
erator. Two of the instruments, the 114 and 115, can be 
classified as general purpose pulse generators. 

The economical 114 is designed for laboratory and pro- 
duction test applications. The broad operating range of 
this instrument makes it well suited for those use areas 
where economy and versatility are paramount. 

Independently variable rise and fall times allow the 115 
to meet many transition time test requirements. Rise or 
fall is adjustable from a fast 10 nanosecond up to a sIoav 
100 microseconds. Delay functions include paired pulses 
and externally triggered bursts. Compactness plus very 
useful performance features enable the 115 to be used as 
stimulus in IC and other logic testing. 

The programmable R116 is similar to the 115 in specifica- 
tions. This rackmounted pulse generator is the unit se- 
lected for use in the Tektronix S3130 and S3150 Auto- 
mated Test Systems. The R116 may be operated manu- 
) I ally from conventional front panel controls. 



R116 PROGRAMMABLE PULSE CHARACTERISTICS 



Risetime 


10 ns to 100 fis 


Falltime 


10 ns to 100 ^ws 


Period 


100 ns to 110 ms 


Duration (width) 


50 ns to 550 ^s 


Delay 


50 ns to 550 fxs 


Burst Time 


50 ns to 550 ^s 


Amplitude {50 U) 


0.4 volts to 10 volts 


DC Offset 


— 5 volts to -|-5 volts 


Polarity 


Positive or negative 



CALIBRATION SOURCES WITH OTHER USES 

A group of Tektronix generators were designed to meet 
the exacting requirements of oscilloscope calibration. The 
precise performance of these units make them well suited 
in other applications where similar qualities are required. 

In addition, when you need results to be close to or better 
than instrument specifications, a calibration instrument 
available for daily use can be insurance against errors and 
wasted efforts. The 1 06, 191, and 184 are calibration in- 
struments often used outside the calibration laboratory. 

The 106 provides simultaneous positive and negative-going 
output transitions with > 1 ns risetime into 50 U. Mini- 
mum aberrations make 106 waveforms ideal for verifying 
oscilloscope transient response. This instrument is also 
useful in diode recovery, core testing, digital, analog design 
and other applications. 

Type 191 is a variable-frequency sine wave generator whose 
output maintains constant-amplitude over the entire fre- 
quency range of 350 kHz to 100 MHz. Amplitude is held 
constant during frequency variations by continuous sam- 
pling of the output voltage. Both output amplitude and 
frequency are calibrated. 

The Type 284 Pulse Generator is very useful for verify- 
ing the performance of sampling oscilloscopes. This gen- 
erator offers, in one small instrument, all of the signals 
required to check the risetime, vertical deflection factors, 
and horizontal sweep rates. A pre-trigger is provided for 
non-delay line systems. 

In addition to checking the transient response of sampling 
oscilloscopes, the 70 picosecond, pulse output is an excel- 
lent 50 signal source for TDR measurements. The Type 
284 is available in a cabinet version, or modified for rack- 
mounting in standard 19-inch rack. 
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Television Test Signals 



If you have ever had your television picture roll, you 
probably have seen a VITS. In that dark area between 
pictures, a horizontal line or two may have a set of dots, 
a series of various levels of grey, or a series of luminance 
changes. These are VITS or VERTICAL INTERVAL 
TEST SIGNALS. Vertical Interval Test Signals are one 
of a group of test signals used by bz'oadcasters and net- 
works to verify system quality. 

The composite television signal is an extremely complex, 
analog signal requiring fidelity in every stage from cam- 
era to home receiver. Without attention, each of the 
many processing and transmission stages will take a little 
information out of the signal. The cumulative effect 
through many stages can be significant. Since small deg- 
radations are difficult to analyze subjectively on picture 
monitors, the broadcast industry uses test waveforms and 
oscilloscopes instead. These test waveforms are based 
on the special character of the camera signal, the band- 
width limitations of the TV channel and the problems 
of interaction of color and black and white signals. 

The Tektronix 140 NTSC Signal Generator is a source of 
several precise test waveforms for measuring chromi- 
nance and luminance interactions. These interactions are 
one of the major problems that occur when nonlinearities 
exist anywhere in a TV system. The 140 generates three 
test signals for measuring the effects of these nonlineari- 
ties. One waveform is the Modulated Stairstep; five 
equal steps of luminance modulated with 3.58 MHz 
chrominance. The chrominance amplitude is equal to 
the luminance riser amplitude. In TV systems Chromi- 
nance Phase and Gain can differ with luminance level. 
The measurements made with Modulated Stairstep are 
called Differential Gain and Differential Phase. Varia- 
tions on these measurements include inserting the mod- 
ulated stairstep on every fifth line with the other four 
lines held at a variable level of luminance. These levels 
are changed to simulate varying average picture level 
(APL) conditions. 

Another effect that can be measured with a 140 is called 
Luminance Cross Modulation. This is the effect of 
various chrominance levels on luminance. For some years 
the phase of chrominance was considered to be the only 
critical parameter for true hue reproduction. The color 
signal, however, does have a luminance component. If 
the luminance component is changed (distorted) in 
amplitude, the viewed effect is often subjectively judged 
to be a phase (hue) distortion. To test for Luminance 
Cross Modulation, the 140 provides a second waveform, 
a variable luminance level modulated by three levels of 
chrominance. The luminance, after demodulation, is 
measured on a waveform monitor for distortions of level 
caused by chrominance. 



Color bars are widely used for a quick check of picture 
quality. A trained observer who sees minor color dif- 
ferences on a picture monitor display of color bars can 
make measurements with a vectorscope. With a vector 
display he can quickly measure errors of amplitude 
and phase for each color bar. Eight bars are gener- 
ated; white, six colors, and black. Each color bar is 
generated in the order of its luminance value. 

Color Bars and Modulated Stairstep signals are normally 
used in off-the-air testing. When program material is 
being broadcast, the two signals can be used as VITS. 
Since the Vertical Interval Test Signal occurs during 
the time used for vertical blanking, it does not conflict 
with any picture being transmitted. The VITS is a 
quantitative signal that can be analyzed at any point 
from camera to receiver. All interested parties use the 
VITS to verify the quality of what he is receiving and 
what his system is adding to or subtracting from the 
transmitted picture. 

The 140 can add color bars or modulated stairstep to 
program material. For VITS Insertion the 140 can 
serve as the MASTER SYNC source or can be slaved 
to program sync. If program composite sync and sub- 
carrier are not separately available, we recommend the 
set up below. 




140 VITS insertion with program material. 



CONCEPT BOOKS 

Tektronix has published two paper bound books in the 
CONCEPT SERIES containing television information. 
These are available at nominal cost from Tektronix. 
TELEVISION SYSTEMS MEASUREMENTS by 
Gerald Eastman discusses measurement techniques used 
in the television broadcast studio. TV SYSTEM 
MEASUREMENTS can be ordered using part number 
062- 1 064-00. TELEVISION WAVEFORM PRO- 
CESSING CIRCUITS, part number 062-0955-00, by 
the same author, describes the circuit concepts of Tek- 
tronix wavefrom monitors and vectorscopes. 
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the 7000-series 
as signal 

A substantial portion of an oscilloscope is often avail- 
able as signal sources. These sources are outputs of 
vertical amplifiers^ time base generators and the cali- 
brator. These outputs are normally thought of as 
auxiliary to most scope applications. Knowledge of how 
they work and their characteristics extend the useful- 
ness of your scope beyond routine work. 




A intensity 



OUTPUTS 



+ SAWTOOTH 



7704 

OSCILLOSCOPE 



8 'SiTENSITY 



CALIBRATOR 

{ ) INTO &oa 









'AO mV 

(20mV) , 



?5iiXISc 



40 mA 



VERT 

SCrAAATION ill 



TfiiGGER 

SOURCE 
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SOURCE 
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CHOP 



rRtOHT 
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The panel area of a 7704 has four signal source outputs 
from seven generators and amplifiers. 



oscilloscopes 

sources 

IT 

UNBLANKiNG 




This is how a time base produces the gate for unblanking 
and the sweep sawtooth. The same gate and sweep saw- 
tooth can drive, gate or control devices external to the 
scope. 



The 7704, 7504, and the new 7503 have four signal 
outputs: SAWTOOTH, + GATE, CALIBRATOR, 

and VERTICAL SIGNAL OUT. The SAWTOOTH 
and + GATE each originate in time base circuitry; the 
CALIBRATOR independently produces squarewaves 
but may be driven by a time base gate. The VERTI- 
CAL SIGNAL OUT is derived from the vertical am- 
plifier. An examination of each source in detail fol- 
lows. 



SAWTOOTH AND + GATE 

Both gate and sawtooth are produced by time base gen- 
erators for unblanking the CRT and sweeping the de- 
flection system. A multivibrator produces the gate. This 
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NON-DELAYED GATE & SAWTOOTH 

CRT 




multivibrator may be triggered or internally caused to 
free run producing a gate that is integrated, generating 
a sawtooth for time base deflection. A portion of the 
sawtooth separately resets the multivibrator. The dura- 
tion of all time base waveforms is determined by saw- 
tooth rate of change and the reset voltage level of the 
multivibrator. Duration of gate and sawtooth is there- 
fore directly controlled by the TIME PER DIVISION 
control. Duration and sweep length in time are, for 
practical purposes, identical. TIME PER DIVISION 
times ten divisions approximately equals duration of 
the + GATE and + SAWTOOTH. 

Period of both sawtooth and gate will be duration plus 
retrace and hold off time. Hold off is a built in inter- 
val before the next waveform cycle can occur. It is 
very significant at fast sweep rates, but becomes in- 
consequential for medium to slow sweeps. In most cases, 
the user may use 10 X TM/DIV as an approximation 
period. It is well worth while to use a second oscillo- 
scope to fully understand the full effects of the source 
scope^s controls on its own outputs. 

In the 7704, 7504 and 7503 the + GATE can be set 
as a delayed gate. This is a gate initiated at a select- 
able time after a delay time base starts. In the 7704 
and 7504 a delayed sawtooth can also be produced. 
The duration of the delayed waveform is determined by 
the delayed time base TIME PER DIVISION control. 

Gates and sawtooths have controllable time relation- 
ships with the display and can be used to initiate exter- 
nally generated events, control swept systems, and pro- 



DELAYED GATE & SAWTOOTH 




Tb ^ TIME BASE B TIME/DIV X 10 

Ti> TIME BASE A TIME/DIV X DELAY MULTIPLIER 

Tu 11 A RETRACE & HOLD OFF 



vide versatile waveforms for other applications. An ex- 
ample of how the sawtooth may be used is shown on 
page 13 of this issue. 

CALIBRATOR 

The 7000-Series Calibrator has the following purposes: 

1. Verification of deflection factor accuracy for both 
voltage and current. 

2. Response compensation signal for both voltage 
and current probes. 

3. Verification of mid-range time base accuracy. 

Voltage probes have a required compensation adjust- 
ment in the range of 500 microseconds. For this reason, 
the Calibrator in the 7000-Series has a one kilohertz 
square wave output. Current probes require longer dur- 
ation waveforms for adjusting compensation. The 7000 
Calibrator provides such signals by using the period of 
Time Base B divided by two to generate gate periods 
beyond four minutes. This long period provides a 
useful waveform for measuring long time constant ef- 
fects in other circuits. For example: Long duration 

step waveforms are useful in detection of low frequency 
bandwidth problems. 
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VERTICAL SIGNAL OUTPUT 



7000-SERIES OUTPUT CHARACTERISTICS 



•i SAWTOOTH OUTPUT 



LOAD 


RATE OF RISE 


PEAK 


50 Ohm 


50 mV/Div 


>500 mV 


1 Megohm 


1 V/Div 


>10 V 


Short i 


>1 mA/Div 


>10 mA 


Output Source impedance 950 9. ± 


2% 



+GATE 


LOAD 


OUTPUT VOLTS 


RiSETIME 


50 Ohm 


0.5 V ± 10% 


<20 ns 


1 Megohm 


10 V ± 10% 


- 



V/ERTiCAL SIGNAL OUTPUT 



LOAD 


OUTPUT VOLTS 


50 Ohm 


25 mV/Vertical Div ± 10% 


1 Megohm 


0.5 V/Vertical Div ± 10% 



Source Impedance 950 U ± 2% 



I 

I 



A wide variety of amplified and/or mixed signals may 
be produced by the SIG OUT circuitry. To fully uti- 
lize all possibilities^ you must understand the relation- 
ship of vertical controls and vertical time sharing to the 
composite waveform produced. 

The vertical amplifier signal selected by the B TRIG- 
GER SOURCE switch is the signal available at the SIG 
OUT connector. The character of that signal is af- 
fected by several factors. The dc level is directly af- 
fected by vertical positioning controls. A measurement 
should be made of the output level to determine what 
vertical position should be used if the output dc level 
is important. Absolute signal voltage out is determined 
by the vertical deflection factor. For example, the out- 
put at 10 millivolts per division deflection factor will 
be twice that at 20 millivolts per division. Any signal 
causing off-screen deflection may produce amplitude 
distortion. Any time shared output will lose informa- 
tion during the switching time. Time sharing, algebraic 
addition, deflection factor and vertical position all af- 
fect the character of the signal out. 

The SIG OUT may be used to drive auxiliary devices 
such as counters, provide composites of two or more 
signal inputs, or selectively gate a signal on and off. 



SIG OUT 




These 7000-Series push button selectors determine which piug-in signal is amplified and available at the SIG OUT connector. 
The same "‘Time Shared" signals driving the CRT are available at the output when B Trigger Source is in VERT MODE. The 
LEFT VERT or RIGHT VERT buttons of the B Trigger Source switch selects one of the two plug-ins as the output signal source. 
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turning easily from 

Oscilloscope Versatility By Addition 

Versatile is a much used word. Repetition of the word 
has reduced its meaning, but it is still the best one word 
description of a general purpose instrument. The title 
of this article, taken from Webster’s, is the meaning of 
versatile that fits the Tektronix 7000-Series. The 7000- 
Series has new ways to meet your future measurement 
needs. 

The ability to turn easily from one performance char- 
acteristic to another has long been associated with plug- 
in substitution. Since substitution is so firmly estab- 
lished, it is easy to overlook the possibility that plug-in 
substitution only is a limited concept. Limited, if all 
that is possible is a change from one performance fea- 
ture to another. 

Change of oscilloscope vertical amplifier character- 
istics was featured in the Tektronix 112 external am- 
plifier 20 years ago. This “outboard” amplifier con- 
verted the 10 MHz, 30 millivolt per division, 514 oscillo- 
scope to something else: A 5 millivolt per division, 

differential input instrument. The outboard approach 
was soon overshadowed by plug-in methods of substi- 
tution. That innovation was introduced by the Tek- 
tronix 530/540 Series. Plug-ins were a major contri- 
bution in the early 50’s. Easy substitution of state of 
the art, high performance features protected the fu- 
ture value of the plug-in oscilloscope. Substitution was 
simple and could be done any time. The value of easy 
substitution by plug-in change immediately became a 
sought after o.scilloscope feature. Performance change 
by plug-in substitution was extended to horizontal sys- 
tems with the introduction of the 536, 561, and 647. 




one thing to another 




Selection of a general purpose oscilloscope is a long term 
commitment and the instrument selected must serve 
your needs for many years. It is certain that more 
features will be requix’ed, but precisely what features 
will be needed is uncertain. Since plug-ins are a proven 
way to substitute features, when adapting to new mea- 
surement needs a plug-in scope is certain to be con- 
sidered. To meet futiu'e needs more completely, the 
7000- Series allows the ADDITION as well as the sub- 
stitution of features. 

The ability to ADD features is built into the 7000- Series 
oscilloscope. For example: The mainframe circuits 

will function without plug-ins. Addition of a plug-in 
time base and plug-in amplifier will create a fully func- 
tional oscilloscope. Even when the other one or two 
plug-in compartments are empty! 
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Auto Scale-Factor Is easily Installed — anytime. 



) 




m- 



Since the present three 7000-Series scopes are fully 
functional with only two plug-ins you can have a com- 
plete single or dual trace, delaying sweep instrument by 
using just two plug-ins. Plug-in capacity is reserved 
for future additional performance. When it is needed, 
performance can be easily added to the plug-in features 
already in use. Attractive blank panels are available 
to use in the plug-in compartment reserved for future 
needs. 

There are currently three oscilloscopes in the 7000-Series 
family: The four plug-in compartment 7704 with DC 
to 150 MHz performance, the four plug-in compartment 
7504 with DC to 90 MHz performance, and the new 
7503 featuring three plug-in compartments and DC to 
90 MHz performance. 

AUTO SCALE-FACTOR READOUT 

The Tektronix Auto Scale-Factor Readout process, 
very much simplified, involves an analog encoding of 
plug-in control settings, pulse interrogation of that 




analog information, A to D conversion, and character 
generation controlled by the converted data, time 
shared into the scope’s output amplifier. The logic 
used in the process of Auto Scale-Factor Readout is 
located either on the plug-in or the plug on character 
generator board. Because the mainframe does not have 
the Auto Scale-Factor circuitry hard wired in, a scope 
user can readily reserve capacity for its future addition. 
Two or three plug-ins in an Option 1 7000-Series main- 
frame*^' is a high performance scope today and an ex- 
cellent investment in the future. This starter approach, 
without Auto Scale-Factor Readout, allows advanced 
scope performance today at minimum cost. Option 1 
reserves capacity for future AUTO SCALE-FACTOR 
READOUT with no cost penalty. 

The 7000-Series Readout includes 50 characters. The 
CRT display can include up to 8 words of 10 characters 
each. Two words are controlled by each plug-in in use. 
Complete sets of Scale Factors for voltage, current and 
time plus symbols and words for polarities, greater than 
and identify are generated as appropriate. 

^Listed in the 1970 Catalog on page 34 as OPTION 1. 



time/div 





INTERROGATE PULSE 



SIMPLIFIED AUTO SCALE-FACTOR READOUT 
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SERVICE SCOPE 
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TROUBLESHOOTING SAMPLING SYSTEMS PART II 



By Charles Phillips 

Product Service Technician, Factory Service Center 



hi the last issue, we covered the vertical circuitry of a 
^^composite^^ Tektronix Sampling Oscilloscope. This 
issue discusses troubleshooting the typical horizontal 
system of that scope. 

A spot or trace on screen is very useful in analyzing and 
finding problems in any scope. To eliminate the effects of 
most vertical problems, slip the NORM/INVERT switch 
to its center. A trace or spot will be centered vertically 
except when the vertical output circuits are defective. Use 
the horizontal position control to verify that the horizontal 
deflection amplifier is functioning. 

In the absence of a trace, rotate the trigger sensitivity con- 
trol. If no time base appears, switch to a manual scan 
mode. In manual scan, a variable DC voltage is substituted 
for the staircase equivalent time base. The manual scan 
should plot a horizontal line. 

After you have established that the horizontal amplifier 
and staircase circuitry are operating, set the NORM/IN- 
VERT switch to NORM. Now let’s proceed to the trigger 
circuitry. Regenerated trigger pulses should appear at the 
front panel trigger output connector or at the input to the 
fast ramp stage if the trigger circuit is operative. Use the 
trigger .sensitivity control over its full range until trigger 
waveforms appear. 




A INPUT 

Slide switches of this type '‘break before make”. This aliows 
the troubieshooter to select a mid-range break position that 
opens the input to the output amplifier. 



We now proceed to the fast ramp and comparator. With the 
regenerated trigger operational, a timing ramp of short 
duration should be generated. At the input to the com- 
parator, a slewing ramp waveform should appear on a test 
scope. This slewing waveform verifies operation of the fast 
ramp and comparator. When the staircase is not function- 
ing, the manual scan may be substituted for the staircase 
to analyze the fast ramp and comparator. 
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GENERAL TROUBLESHOOTING TECHNIQUES 

The techniques used in troubleshooting sampling circuits 
are generally the same as for any other circuit. You should 
know the function of front panel controls and how the cir- 
cuits work. In any malfunctioning circuit, transistors and 
tunnel diodes are the most suspect components. Here are 
some of the techniques that we have found helpful in locat- 
ing defective components. 

If you have a unit that is intermittent or drifts, routine checks 
may reveal no problem. Use a small, portable hair dryer 
to apply heat to the area where a problem is suspected. 
Then cool that area with spray-type, circuit cooler. The 
quick change in temperature will normally cause a defec- 
tive component to malfunction severely. In many cases, 
the component will open or short. Locating the defective 
part should then be easy. 




Elusive Intermittents are often nailed by using circuit cooler 
and a hair dryer. 



Some tunnel diode troubles are hard to detect. For ex- 
ample, the sampling system may operate, but the operation 
is not “normal”. Triggering insensitivity, display jitter, 
balky time base operation ail may be caused by a sluggish 
tunnel diode. A Tektronix 576 or 575 Curve Tracer is a 
very valuable instrument for identifying marginal tunnel 
diodes and transistors. A sluggish tunnel diode develops 
excessive voltage before switching. A slower “turn on” 




Chuck Phillips uses the 7504 Oscilloscope Sawtooth to verify 
correct TD pertormance. 



voltage than normal results. A good tunnel diode will switch 
at about 100 mV. A sluggish tunnel diode can develop 
200 mV or more before switching. 

Other methods of testing tunnel diodes are helpful where 
no curve tracer is available. The sawtooth output from a 
scope may be used to drive the tunnel diode to determine 
its switching point. 

The sawtooth on a 7000-Series scope is a handy tunnel 
diode test signal. 10 mA or less TD’s may be checked 
by placing them across a probe from ground lead to 
tip. The tip is then touched to the sawtooth output. The 
resulting display will show the voltage across the TD in 
the vertical axis. Each horizontal division will represent 
approximately one milliampere. A good 4.7 mA device will 
switch between the fourth and fifth horizontal division and 
develop about 500 mV. Caution: Some other scope sawtooth 
outputs are not current limited; a limiting resistor must be 
used. 

Go, No/Go tests may be made with the multimeter. With 
power on, an in circuit voltage measurement across a tun- 
nel diode should read 200 to 600 millivolts. A reading of 
0 volts or substantially greater than 600 millivolts is a good 
indication of a shorted or open tunnel diode. 




Marginal Tunnel Diodes are quickly detected with Tektronix 576 Curve Tracer. In the left photo, the ''good" TD switches at 
4.7 mA and 60 mV. The "poor" unit develops 160 mV before switching at 4.7 mA. The right photo shows "acceptable" wave- 
forms made with the AC position of the 576. The AC Mode is a full sinewave sweep mode useful in making quick diode 
checks. It eliminates the need to observe diode polarities. (Photos are double exposed.) 
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PROBLEMS & CHECKS 



Horizontal Amplifier 

Problem: Position control will not move trace or position- 
ing range is not normal. 

Check: A. Sweep centering adjustment for proper cen- 

tering. 

B. Output stage for unbalance. 

Problem: Display compression or expansion. 

Check: A. Output stage. 

Staircase Generator 

Problem: Sweep starts at a different point on screen than it 
does in the manual scan position. 

Check: A. Staircase DC level adjustment. 

B. Output stage tube, nuvistor, or transistor. 
Problem: No single sweep operation when in the single 
sweep mode. 

Check: A. Tunnel diode stage in staircase circuitry. 



Fast Ramp 

Problem: Sweep nonlinearity at beginning of trace. 

Check: A. For proper adjustment of the comparator. 

B. Comparator tunnel diode. 

Problem: Slashing between dots or other indications of im- 
proper blanking or unblanking. 

Check: A. Transistors in the staircase inverter circuit. 

Problem: Time base calibration changes with different 
values of trigger sensitivity. 

Check: A. Transistor at input of the fast ramp where 

the regenerated trigger signal is applied. 



Problem: Center of time base is nonlinear. 

Check: A. Nuvistor or transistor in sweep calibration ad- 

justment stage. 



USEFUL IC TOOLS 



Integrated circuits are showing up everywhere. Here are 
several handy IC handling tools available through your 
local suppliers. 

The first item is particularly useful in removing T05 case 
devices. This tool, manufactured by The Ephrata Tool 
Co., has tips that grip the T05 case securely for pulling out 



of sockets or boards. I'his tool also has a handy set up for 
trimming T05 leads neatly and easily. 

Integrated Circuit Test Clip manufactured by AP Incor- 
porated snaps over a 16 pin line like a clothes pin. It pro- 
vides accessible test points and can help you pull suspect 
IC out of sockets and boards. Two sizes are available: 
0.3 inch #923700 and 0.5 inch #923702. 




Trimming individual leads on integrated circuits and tran- 
sistors is a nuisance. This Ephrata cutter does the job with 
less effort. 




Dual in-line integrated circuits often lack convenient probe 
test points. The AP, Inc. test clip simplifies the probing job. 
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MODIFIED AND DO IT YOURSELF TOOLS 



■) 

From time to time, we mention tools that are commercially 
available through local suppliers. These tools are mentioned 
as a service to people who are concerned with the responsi- 
bility of insuring instrument quality. 

We occasionally mention standard tools modified to ease a 
particular job. These tools will also be readily available 
from your local suppliers and you can make the modifica- 
tion. 

Sampling gate diode characteristics are critical to sampling 
system performance. It is generally best, for that reason, 
not to touch the body of the diode while performing any 
checks or replacements. If you do touch them, don’t be 
overly concerned; they probably will be still okay. 

A long-nose pliers may be easily modified to facilitate in- 
sertion and removal of gate diodes without touching them 
with your fingers. Grind out a groove on each jaw near 
the tip and you will have a handy device to use in tight 
spaces. The long-nose pliers that you modify should be 
of a type that does not normally develop high, crushing 




pressures at the tip. A type with jaws almost as long as 
the handles is good. 

Occasionally, you will find an adjustment in a spot where 
a long, flexible screwdriver would be handy. A simple and 
easy to make tool has been used to advantage by some of 
our people. Take a 12 inch length of number 14 buss wire, 
flatten the end and slip a piece of spaghetti over all but 
the ends. Take a small knob (of a type used on small shafts) 
and fasten to round end of the “screwdriver” shaft. You 
now have an insulated tool to use in recessed narrow areas 
for low-torque adjustments. 




INSTRUMENTS FOR SALE 



3S1, 3T77A $1700. William McPerson, 
Powers Wire Products, 10180 E. Valley 
Blvd., El Monte, California 91731. (213) 
283-0321. 

531 with 53 /B Plug-In. $500. Chuck 
Frederickson, Univac Fed. Systems Divi- 
sion, 475 No. Prior Avenue, St. Paul, 
Minnesota 55104. (612) 645-8511, Ext. 
3308. 

525. $550, Mr. L. R. Roche, Dyna 
Technology, Inc., Sioux City, Iowa 
51102. (712) 252-1821. 

547, lAl. Scope-Mobile Cart. $1950. 
George Payne, 806 Third Avenue, Sweet 
Home, Orgeon 97386. (503) 753-8482, 

517A. Henry Thomas, Electronics De- 
partment, McAllen High School, 2021 
LaVista, McAllen, Texas 78501. 

310A. $600. Tom Fisher, Standard Com- 
munications, 620 E. 219th Street, Tor- 
rance, California 90502. (213) 775-6284. 

107. Price open. Mike Brady, Instru- 
mentation Services, 957 Winnetka Ave- 
nue North, Minneapolis, Minnesota 
55427. (612) 545-8916. 

517, $1000. 514D. $100. Dennis R. 

Menges, FMC Corporation, 220 South 
Belmont Avenue, Indianapolis, Indiana 
46206. (317) 632-5411. 



547, lAl, ISl, All for $3000 or individu- 
ally, Palmer Agnew, 314 Front Street, 
Owego, New York 13827. 

3B4. $300, Mr, Moss, Eastwood Indus- 
tries, 1 101-1 1 West Armitage Avenue, 
Chicago, Illinois 60614. (312) 472-8662. 

190B. $275. Bob Lightner, Audio Sup- 
ply, 81 North Atlantic, Cocoa Beach, 
Florida. (305) 783-3062, 

545S6. $900. Mr. M. Stephanski, Dcl- 
tron, Inc., Wissahickon Avenue, North 
Wales, Pennsylvania 19454. (215) 699- 
9261. 

575, Mod 122C. $900. Jack Fields, 

Carrier Gorp., Carrier Parkway, Syra- 
cuse, New York 13201. (315) 463-8411, 
Ext. 3365 or 3366. 

547, 1 Al, 111. Mr. Tibol, Semi-Ele- 
ments, Inc., Saxonburg Blvd., Saxon- 
burg, Pennsylvania 16056. (412) 265- 
1581. 

661, 4S2, 5T1A, $2000. John McAIpine, 
Linear Accelerator Lab., University of 
Saskatchewan, Saskatoon, Saskatchewan. 
(306) 343-4511. 

545 with plug-ins 53/54G, 53/54L, M. 
$750. D. K. McDonald, Electronic Sys- 
tems, P.O. Box 20391, Denver, Colorado 
80220. 

454 with extras. $2200. Hull Industries, 
Santa Monica, California (213) 451- 
2215. 



15 



LC130, 317, 503, 515, several 530/540 
Scopes with plug-ins, Henry Posner, 
Pacific Combustion Engineering Co., 
5272 £. Valley Blvd., L.A., California 
90032. 

561B, 3S2, 3T2, Two — S2 heads. Wil- 
mar Electronics, 2103 Border Avenue, 
Torrance, California 90501. (213) 320- 
6565. Price for all units — $2250. 

3T77. $325. 3S3. $750. Al Nelson. 

(303) 733-0421. 

180 Time Mark Generator $150. Plug- 
In Units, 53G $95, 53/54K $75, “S” $50, 
545 $850. Jim McKim, 5601 Del Cerro 
Blvd., San Diego, California 92120. 
(714) 583-4076. 

561, Plug-Ins 2A61, 2B67, $650. Paul 
F. Fitts, Innovatek Enterprise, Smithfield 
Road, Millerton, New York 12546. (914) 
373-9122. 



INSTRUMENTS WANTED 



555. Henry Thomas, Electronics Depart- 
ment, McAllen High School, 2021 La- 
Vista, McAllen, Texas 78501. 

570. Chris McIntyre, 13 Laurel Village, 
Beaufort, South Carolina 29902. 

422. George Rademacher, Jr., Georges 
Mfg. Corp., 9915 Pacific Avenue, Frank- 
lin Park, Illinois 60131. (312) 625-5868. 
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It is easier to point to a location than to describe it. That 
is a fundamental concept in Tektronix Interactive Graphics. 
Interactive Graphics is the operation of pointing when a 
man talks to machine about a graphic display. 

Pointing in communications between people is a mechani- 
cal action, visually interpreted. Pointing in communications 
between man and computer is a mechanical action by the 
man, electronically interpreted by the computer through a 
computer terminal. 

The CRT in graphic terminals is a one-way device. It dis- 
plays, but it does not see. It has no electrical character- 
istics that are easily used for seeing information from the 
man. You cannot point anything at the display CRT and 
have the CRT see the point. 

There are ways to point to locations on CRT’s and have the 
computer terminal “see” that location. On a refreshed CRT, 
any point on the CRT face is scanned repeatedly with 
a process similar to that used in television. Scanning is 
a precisely timed process. If a photosensitive device is 
pointed at a CRT, an electrical pulse is developed each 
time that location is scanned. This pulse has a time rela- 
tionship in the scan sequence that can be processed and 
communicated to a computer. The photosensitive device is 
generally called a LIGHT PEN. 

LIGHT PENS are commonly used with refreshed CRT’s, 
but they cannot be precisely placed on the location pointed 



to. Mechanical parallax results from the separation of 
the display and the CRT surface. Other parallax prob- 
lems are caused by electronic dissimilarity between sep- 
arate write and read circuitry. 

The Tektronix T4002 Graphic Computer Terminal uses a 
pointer that is unique, accurate, and simple. This pointer uses 
the write-through function of the Tektronix Bistable Stor- 
age Tube to eliminate mechanical parallax. A cross-hair 
cursor (pointer) is written through the stored graphic dis- 
play. The terminal operator points by positioning the cross- 
hair cursor on the graphic display. On command, A to D 
conversion precisely defines the location in digital form. 
This data is sent to the computer. Now, the computer can 
see the operator’s point within one least significant loca- 
tion bit. 

The pointing device used by the operator can be a mouse, 
scratch pad or the Tektronix Joystick. The Joystick is an 
accessory to the 4901 Interactive Graphic Unit. The 4901 
can communicate location precisely on the T4-002 Graphic 
Computer Terminal because the voltages developed by the 
Joystick, or any similar device are seen by the same cir- 
cuitry used to plot the original, compu tei'-gen era ted dis- 
play. 

The Tektronix T4002 Graphic Computer Terminal with the 
unique 4901 INTERACTIVE GRAPHIC UNIT achieves 
no parallax, two-way graphic communications. 



COVER — 5 milliseconds from 10 
nanoamps to 1 nanosecond — 
Rapid reconfiguration of test ert" 
vironments is imperative when 
large numbers of devices must 
be tested functionally and dynam- 
ically in addition to having dc 
characteristics dete rm in e d. Th is 
LOAD BOARD in the S-3150 Au- 
tomated iC Measurement System 
is pari of the new test station that 
provides a no compromise test 
environment less than 5 millisec- 
onds after program command. 



automated 

measurement 

systems 



Complete testing of integrated circuits may require fifty or more 
measurements under varied stimulus and load situations. When 
thousands of devices must be tested, problems become formidable 
and it is obvious that sophisticated, automatic measurement sys- 
tems are required. Where fewer measurements on a lesser num- 
ber of devices are to be made, simpler systems can perform the 
same tests — and at economical per unit cost rates. 




Cataloged Automated Measurement Sys- 
terns from Tektronix are built around 
two basic instruments, ti}B B68 Readout 
Oscilloscope and the 230 Digital Unit 
All systems, therefore, share the same 
basic capacity to make dynamic, dc and 
functional tests» 
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Automatic Measurement Systems by Tektronix, Inc., 
simple or sophisticated, are all able to make the same 
measurements. Measurement repeatability between 
sophisticated and simple systems makes it possible to 
correlate results between systems. Now the develop- 
ment lab and manufacturing plant of the integrated 
circuit producer and the integrated circuit user can 
make the same tests, using the same basic measurement 
package and their results will correlate. 

Tektronix manufactures a number of automatic mea- 
surement systems used in integrated circuit, semiconduc- 
tor, and board testing. These systems all are built around 
the same basic measurement package. Differences are 
in fixturing, stimulus, handling and programming. Sys- 




tems by Tektronix, Inc. are built using standard catalog 
products, supplemented with products from other manu- 
facturers. Since both systems and their components are 
catalog products, many options and choices are open to 
the user. 

Choice One — Purchase a fully operational system with 
catalog specified performance. Catalog systems are as- 
sembled, tested, and, in the case of the more complex 
packages, installed by digital systems specialists. Train- 
ing for systems support personnel is available at no 
extra cost. 

Choice Two — The Tektronix Automated Systems group 
can add custom measurement capacity to standard cata- 
log systems. A significant number of delivered systems 
have been tailored to individual customer needs by 
modification or the addition of products of other manu- 
facturers. Custom systems can include dvm’s, power sup- 
plies, stimulus sources, fixturing, handlers, etc. 

Choice Three — Systems components can be assembled by 
the customer. It is occasionally an advantage for a cus- 
tomer to use his in-house system assembly capacity. 
Tektronix catalog products, used in systems, are readily 
combined using standard accessories and hardware. It 
may well be that some Tektronix systems instruments 
are already in use in-house. Integration of these instru- 
ments in customer-assembled systems is very practical. 
Customers can also expand their existing Tektronix 
systems by adding cataloged items. A 241 Programmer, 
for example, is an excellent addition to a bench set up 
that includes a 568 Readout Scope and 230 Digital Unit. 

BASIC MEASUREMENT PACKAGE 

The basic measurement package in a Tektronix system 
consists of a 568 Readout Oscilloscope and plug-ins plus 
a 230 Digital Unit. The prime function of the 230 is 
conversion of sampled analog data to digital form. 
An understanding of the 230 Digital Unit and sampling 
is the key to understanding how Tektronix systems make 
measurements. 

Sampling was developed to display fast information on 
response limited devices such as the cathode ray tube. 
It was found that the conversion of fast, repetitive in- 
formation by sampling not only provided the technique 
for analog display, but formed a basis for further con- 
version to digital form. Digitizing of the analog display 
formed by the sampling process takes place in the 230 
Digital Unit. 

Fundamental to the 230 digitizing process is the use of a 
precise number of samples per CRT horizontal division. 
The horizontal axis of the sampling scope is scaled in 
equivalent time per division; therefore, each sample 
represents an equivalent time period. A group of equiva- 
lent time periods form an equivalent time clock. For 
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FACTORS IN PROGRAMMING A SYSTEM 




example, if the number of samples per division is 100 
and the time per division is 1 nanosecond, each sample 
represents 10 pico-seconds. 

Many system measurements are of time differences be- 
tween two levels or percentages of amplitudes. It is a 
relatively simple process for the 230 to store voltages 
representative of peak amplitudes on a CRT waveform. 
These memorized voltages are divided and used to set 
separate start and stop count comparators. When the 
230 is programmed for a period measurement, the count 
stai'ts at 50% amplitude on the plus (or minus) slope 
and stops at 50% amplitude on the negative (or plus) 
slope. The count and scaling of the counted samples 
(equivalent time clock) provides the digitized value of 
period. Most 230 time measurements are made with 
this technique of counting samples between two wave- 
form points. 

Voltage measurements require a different, but equally 
straight-forward technique. The waveform peak volt- 
ages stored in memory are used to start and stop a count 
of an internally generated, 10 MHz clock. The technique 
used compares a ramp against the memory levels, the 
resulting count is scaled and presented in alphanumerics. 

Time and amplitude data in digital form is also used by 
the 230 to make decisions as to whether a test result is 
above, below, or within limits. The readout and limits 
data is also available for driving external devices such as 
printers and handlers. The 230’s ability to make test 
result decisions enables less skilled individuals to complete 
complex tests without using analytical skills. With the 
230 Digital Unit and the 568 Readout Oscilloscope, 
only one more unit is needed to form a basic automatic 
system. That unit is the 241 Programmer. 



Any front panel controlled function in a system by Tek- 
tronix, Inc. can be duplicated by a program control 
unit. This generalization applies with very few excep- 
tions. In addition, some system functions are only avail- 
able through program control units. The degree of 
programmability and components of the program control 
group varies with the measurement rate and the number 
of devices to be tested by the system. 

Automatic measurement systems are most used where 
the same measurements must be made repeatedly. This is 
particularly true when a large volume of units must be 
tested. Time required for manual operations are usually 
more significant than measurement rate in influencing 
the number of devices that may be tested per hour. The 
factors influencing time per measurement on a manually 
controlled instrument system might be arbitrarily listed 
in descending order of importance when just one mea- 
surement on one device must be made: 

1. Getting the test system together. 

2. Coupling power and stimuli to test system com- 
ponents. 

3. Setting up the test conditions. 

4. Adjusting instrument controls. 

5. Interpreting indicated values. 

When more tests on more units are to be made, it is the 
steps that are repeated often that are candidates for 
automation. 

It is always step 5, interpreting indicated values, that is 
tackled first in automating measurements. This is so 
because it is the readout and interpretation process that 
is repeated in every measurement, while the other time 
consuming steps are often set up once for a sequence of 
measurements on the same device. With a simple system, 
consisting of a 568 Scope and a 230 Digital Unit, we 
must change the digital unit’s instructions to make each 
of a sequence of tests. It is probable that scope sensitivity 
and equivalent time controls are only occasionally 
touched during the same test sequence. Test conditions, 
stimulus and loads, may seldom be altered. Cabling and 
test circuitry are often fixed, especially in simple systems. 
It is the functions of those controls that are most often 
used that are first put under program control. As more 
measurements on a greater number of units are required, 
manual operations are less and less tolerable. In a sys- 
tem like S3 150, for example, the insertion of devices 
and selection or initiation of program are the only con- 
spicuous manual operations. 

With one exception, Tektronix systems instruments use 
parallel, negative logic. A simple ground closure or an 
applied voltage between 0 and +2 volts represents a 
logical one. Logical zero is formed by an open circuit 
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Programming with the 241 is simply a matter of inserting 
diodes. 



or an applied voltage between + 6 and +12 volts. A 
saturated transistor or a closed relay can readily form a 
logical one. A non-conducting transistor or open relay 
can form a logical zero. 

A common diode to ground can also form a logical one 
instruction and the absence of a diode forms logical zero. 
The 241 Programmer works with 15 program circuit 
cards using diodes and controls the 568/230 basic mea- 
surement package in a simple system. In addition^ the 
241 can program a limited number of functions in the 
stimulus and/or fixturing areas, including sampling head 
multiplexers. 

Programming the 241 is a simple process. First, set up 
the system front panel controls for a measurement, then 
insert diodes on the program card as needed to dupli- 
cate that control set up. A test with the card installed 
in the 241 will quickly prove if the program is correct or 
if it needs debugging. Any person familiar with the basic 
instruments can program without special instruction. 

When more devices are to be tested, or more than 15 
ineasui'ements per device are required, a larger number 
of test programs will be needed. The 240 Program Con- 



trol Unit with a disc memory, holding up to 1600 mea- 
surements, fills the expanded need. 

The 240 Program Control Unit converts serial by bit or 
serial by character program instructions to the parallel 
form used by systems components. The 240 is used 
with the 250 Auxiliary Program Unit to control stimulus 
sources, fixturing, and other systems components in larger 
systems. A measurement rate of 100 per second is feasible 
in a system using a 240. The actual measurement rate 
is dependent on many factors, and sometimes, in actual 
practice, it is less than 100 per second. 

HOW MANY MEASUREMENTS PER SECOND 

One factor controlling measurement rate, in dynamic 
measurement systems using sampling oscilloscopes, is the 
repetition rate of the stimulus, but stimulus rate limita- 
tions usually are not the most limiting factors. Load 
switching and settling time are more significant. When 
two or three of the basic tests are to be made, the number 
of units completely tested per hour is a better indication 
of system speed than a fast measurement rate empha- 
sized over all the other time consuming operations in 
device testing. 

There are many ways to speed the measurement rate in 
a system based on a sampling oscilloscope. High speed 
programs are used to reduce dot density (number of 
samples), the number of memory charging sweeps, and 
to end time bases just after a measurement. These tech- 
niques speed up the measurement rate by factors more 
than 10. Handling of devices and fixture reconfiguration 
usually slows measurement rate below that of the sam- 
pling rate. In a system performing all three basic tests, 
a measurement rate of 50 plus tests per second and a 
unit test rate of more than 250 per hour is common. 
Automatic handlers can increase the unit per hour rate 
(throughput) to 1000. 




Left — In the absence of high speed program instructions, two sweeps of 1000 samples each are needed 
per measurement. Center — A single measurement sweep ending after 0% and 100% memories (in- 
tensified) are charged requires only 92 samples. Sampling density is reduced except in memory zones. 
The memory charge sweep is made just once for a number of measurements. Right — A measure sweep 
ends just after the measurement zone (intensified) requiring only 300 samples. Total time required for 
this high speed, risetime measurement is approximately 4 milliseconds. 
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THE S-3150 SYSTEM TEST STATION 



The effort required to test one integrated circuit by any 
of the three methods is not difficult or particularly 
costly. Problems multiply, however, when great num- 
bers of IC’s and tests per IC are added. 

There are a wide variety of integrated circuit types avail- 
able and fifty or more tests must often be made on each 
device. When the units to be tested reach quantities of 
hundreds and thousands, connections to the test socket 
must be automatically reconfigured for many of the 
tests. This reconfiguration is often by cross bar matrix- 
ing in a DC tester, but where device switching speeds are 
faster than 50 nanoseconds, the cross bar matrix cannot 
be used because of its excessive capacitance. High speed 
function and dynamic testing requires a more acceptable 
switching element. 

The reed relay proves to be the best switching element. 
Its low off-capacitance and low on-resistance make the 
reed I'elay acceptable in 50 ohm as well as in much 
higher impedance systems. Operating speeds in milli- 
seconds are practical and life times in millions of oper- 
ating cycles are to be expected. 

The reed has exceptional performance in the nanosecond 
region. Advantages in capacitance, conductance, isola- 
tion and break-down voltages qualify it for the nano- 
second environment of S3 150 System. It also provides a 
complete dc matrix for dc and function testing. 

A full scale testing system must have facilities for switch- 
ing load networks. Testing many different integrated 
circuits requires different load networks and, during a 




One Probe Per IC Pin — The Probe Board of the S-3150 
Automated Measurement System is the heart of the IC Test 
Station. Each pin of the OUT has program controlled indi- 
vidual power and pulse sources with a variety of loads. 
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The Test Station — Here both 10 nanoamp dc as well as 1 
nanosecond dynamic measurements are made with only 5 
milliseconds required to change test conditions between the 
two measurements. 

sequence of tests, loads must be reassigned to different 
device pins. In addition, the same pin of a device may 
be loaded with one network during a turn on propaga- 
tion delay test and another load for turn off delay. In a 
TTL device, it may be necessary to switch two or three 
loads to any pin. In the S3 150, each pin has its own set 
of load networks. Loads are duplicated for each pin to 
save space and cost while shunt capacitance is minimized. 

With three loads available to each of 16 pins, a total of 
48 loads are included in an S3150’s Test Station. The 
loads used are usually resistive. Values from 100 to 
4000 ohms are used in many cases with 10 to 200 pf 
shunt capacitances to simulate fan-out loads. Loads and 
driving sources consisting of semiconductor and inte- 
grated circuits are often supplied in addition to passive 
loads. Naturally, the complexity and lead length of such 
a system are potentially sources of aberrations. The use 
of individual loads for each device pin, each with its 
own reed relay, insures against unacceptable responses. 

The S3150’s Test Station has the unique feature of a 
separate sampling probe, dc sub-system, three switchable 
loads, three switchable power sources, and a pulse source 
for each IC pin. Very flexible reconfiguration for all 
testing is achieved in a system that can measure both 10 
nanoamps dc current and 1 nanosecond risetime. 
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INPUTS 




OUTPUT Y 



Vcc 




4B 




4A 


FI 


3B 


."XI 








cr 






1 





■OGND 




INDIVIDUAL GATE CIRCUIT 



_ 














XJ 


2A 


28 




GNO 



4 GATES ON 1 IC 




INPUT 



OUTPUT Vc< 

P 



DYNAMIC 



L 



X 



INPUT 




OUTPUT L- 



2 PROPAGATION 



GATE 

TEST^ rH delay tests per GATE 

ASSURE proper ARRIVAL TIME OF LOGIC BITS 









I 

^pdi> I 

I 



i I 




FUNCTIONAL 



POSITIVE 
LOGl^ 
Y = AB 



1 


2 


Y 


H 


L 


H 


L 


H 


H 


H 


H 


L 


L 


L 


H 



4 TESTS PER GATE VERIFY PROPER LOGIC 
FUNCTION 







rh 



rh 



OPEN 

> 



9 DC TESTS PER GATE INCLUDE INPUT AND OUTPUT CURRENTS 
AND VOLTAGES UNDER 6 CONFIGURATIONS PER GATE 



INTEGRATED CIRCUIT TESTING 



There is no consensus on how an integrated circuit should be 
tested. The decision on how to test must be resolved by each 
user, considering the expected performance of the device he 
IS rnanufacturing or buying, and the cost of testing or not 
testing. There are three tests commonly made today: dc tests 
functional tests, and dynamic tests. Each type of test has 
rnents and each test has proponents favoring it to the point 
of excluding the other tests as “not needed”.' 

Testing applies steady state voltages and currents as 
stimuli to the integrated circuit. After a brief settling interval 
measurements are made of the response to the dc stimuli. 
Both input and output parameters are measured while the 
device is loaded with standard test loads. DC testing, during 
the manufacturing process, often requires a high degree of 
measurement accuracy. DC testing by the user, performing 
a^eptance tests on purchased integrated circuits, can be of 
1% to 3% accuracy. 

Digital integrated circuits are often tested for conformity to 
their truth table. This is Functional Testing. Thorough exer- 
of a device’s logic functions is of value, but often is not 
sufficient. Functional testing will not reveal excessive leakage 



conditions or high saturation voltages. The loading effects of 
the integrated circuit on other devices are not detected by 
this test. Symptorns of potential early failure can also be 
missed completely in the process of function testing only. 

Dynamic Testing is testing in the time domain. Another term 
used for this process is switching time testing. Risetimes, fall- 
times, and propagation delays of a device are measured in a 
system based on a digital readout oscilloscope. Dynamic test- 
ing was said to be more costly than just dc or functional test- 
ing, but dynamic testing combined with dc and functional 
testing in a single system is economical. It is especially 
economical when related to the repair and troubleshooting 
costs that are incurred when defective integrated circuits are 
not caught before installation in a final product. 

Full characterization of packaged, integrated circuits require 
all three basic tests. Integrated circuit performance is speci- 
fied in values that can only be measured by a complete system. 
Specifications are formed from the results of all tests. Users 
of integrated circuits, therefore, require elements of all tests 
to assure themselves that the purchased items will perform 
according to expectations. 
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units, except that testing costs are related to purchase price 
rather than production costs. It has been our experience that 
extensive testing of purchased integrated circuits is a worth- 
while investment in total product quality. We have been 
performing dc, dynamic and functional tests for more than 
two years with a Tektronix S3 130 Automatic Measurement 
System. Recently we hav^e added the new S3 150 to our facil- 
ity and both systems are used heavily. At this time the S3 130 
has accumulated 17,000+ hours of ON time. Although we 
have the unique advantage of “living” with the source of our 
systems, maintenance of these systems is the responsibility of 
technicians from our service group. The reliability of both 
systems has been excellent. 

Presently we are testing 200 to 250 integrated circuits per 
hour, per system. A typical test sequence consists of more 
measurements than 50 per device, averaging less than one 
second from test number one until completion. We find the 
slowest part of the process is hand insertion of devices in test 
sockets. To minimize this step, we are adding automatic 
handlers and expect to reach a throughput rate of 1000 
tested units per hour, per system. 

The flexibility of the S3 150 allows us to use it in wafer 
probing. At the present time, we are dc testing in the vsvafer 
stage. We also make automatic measurements with DUT’s in 
environmental chambers. The S3150’s capacity for repro- 
gramming, while regular tests are being simultaneously run, 
increases the number of units that can be completely tested 
per day. The S3 150 also allows us to data log, analyze data, 
as well as write programs without disrupting regular testing 
runs. 

In conclusion, it is my opinion that our function of supplying 
high quality integrated circuits for use in Tektronix, Inc. 
products would be very difficult without our two automatic 
measurement systems. 



SOME EXPERIENCES 
IN 1C TESTING 

By Oris Nussbaum 

Manager, Integrated Circuits Manufacturing Test 



We are using integrated circuits in volume and the volume 
is increasing significantly. All our new instruments are 
heavily populated with both commercially available and 
Tektronix developed and manufactured integrated circuits. 
This commitment in integrated circuits has made it neces- 
sary for us to develop testing routines suitable for both 
integrated circuit manufacturing routines and acceptance 
inspection of purchased devices. 

Our objectives in testing our own i77anufactured IC’s are: 
1. Assurance of conformity to design parameters. 2. Reduc- 
tion or elimination of troubleshooting and repair during 
product manufacture. 3. Elimination of those devices most 
likely to fail in service. 4. Reduction of integrated circuit 
testing costs in manufacturing to less than 10% of the IC 
production expense. 

Our objectives in testing integrated circuits from outside 
sources are essentially the same as for internally produced 
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SOME THOUGHTS FROM 
A SYSTEM BUILOER 

By Morgan Howells 

Manager Tektronix Automated Systems 

New activities are exciting and the activities related to auto- 
matic testing of integrated circuits are new. The competition 
in all aspects of automatic measurement keeps things lively. 
We have received no easy orders in the automatic measure- 
ment field. The customer contemplating an automated system 
presses hard for factual information on: What can we mea- 
sure? How many units per hour will our systems process? 
How much will it cost? How does he keep the thing going? 
The customer knows the strong points offered by competitive 
systems and he asks excellent questions. I think I can give 
some pretty good answers, but more important, I believe I 
can raise a few questions in return. 

The rough and tumble is all to the good of the industry. 
The better approaches will survive. Some l^etter approaches 
are already Tektronix catalog products, fully spec’d and 
supported. These system.s, the S3 110, S3111, S3 120, S3 130, 
and S3 150, meet recognized, consistent requirements ])y 
customers. Options to these systems adapt performance to 
the individual need. 

Even with a group of catalog systems, we get requests for 
special systems — systems that don't exist complete in our 
catalog. We eagerly respond to these reque.sts. Our auto- 
mated system department has the capacity to design and 
build systems to meet many needs in many areas of auto- 
matic measurement. Multi-pin IC’s, a variety of semicon- 
ductors, logic boards, we take a crack at them all. 



The Automated Systems department is a part of Tektronix 
Marketing to keep in close contact with customers needs for 
special requirements. This is unique in that we function 
within the company as a purchaser of Tektronix products, a 
purchaser of other peoples’ products and as a system engi- 
neering and assembly activity. We provide support for Tek- 
tronix Field Engineers and Representatives in their con- 
tacts with customers. We can supply a variety of systems 
composed of catalog products and supported by all our 
field people. This makes our position a good one. 

I would suggest that individuals and organ izatioits need- 
ing systems’ information talk to their local Tektronix Field 
Engineer or Representative. He is equipped to answer 
your questions, provide systems proposals, and help you 
support any Tektronix System. The support services are 
of the same high quality of that support available on all 
Tektronix products. The services are tailored to meet the 
demand of customers production effort. 

We will be at WESCON and other trade sho\\s. If you are 
unable to attend a system demonstration, contact your Field 
Engineer or Representative. Fie can suggest other ways of 
getting the facts on systems. There is, for example, a 1 7 
minute demonstration film available. 
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ATERIAL 
TIFICAWii 






By Chet Schink, Phl^$ ¥ ; 
i||er, Electrochemistry Er^^rln^^ 



HAZARDOUS CHEMICAL OR MATERIAL 
IDENTIFICATION LABE L 

BLUE INDICATES HEALTH 
RED 

YELLOW 

THE NUMBERS INDICATE 
THE DEGREE OF DANG 



TOXICITY 



BLUE 




HEALTH 

HIGHLY TOXIC GR PJ 
i^oduces deatryiin labor 
atory aaimal^^n speci~ 
fied lengt^r af tirc« 



/^OXXC AND/OH 
CCaROSIVE 
fhe capacity to produce 
Aperaonal injury through 
I Oingestioa, inhalation, 
^absorption or destruction 
of skin or oiucous membrane 



laRITAriT OR STRONG 
SSNSITiaKR 

x^ro longed or repeated 
contact may produce 
inflammatory or aller- 
gic reaction* 

TEMPORARY DlSCOtgOgr 
May cause discomfort which 
is relieved on removal 
from exposure. 



0 



No unusual hazard. 




Capab^ of detonation 
expletive decomposition 
or reaction in the ab- 
sent of confinement under 
norfcal temperatures and 
pressures 

undergo chemical change 
duV to ordinary or elevated 
tamperatures and pressures, 
daylight or artificial 
•ght, or capable of deton- 
•tion under confinement. 



Will react with water with 
elease of significant 
fquantities of energy and/or 
may react with organic mat- 
erials such as sawdusttclotb 
paper, etc. to cause fires. 

One or more coastituants of 
material highly volatile. 
Composition £f properties 
may change with time & 
temperature . 



Nornally stable . 



Everyday exposure to material hazards, 
particularly chemical hazards, are in- 
creasingly a part of everyone’s job. 
Many materials in common use offer 
little danger but still are not to be lightly 
treated. Several years ago, we at Tek- 
tronix set up an in-plant chemical 
safety program that has as an objective 
positive identification and labeling of 
the specific degree and classification of 
chemical hazard. To this end, hazar- 
dous materials are labeled with a four 
color, diamond shaped tag. This tag 
includes the chemical or trade name in 
a white area near the bottom. The other 
three colors, blue, red, and yellow, each 
represent a specific area of safety con- 
cern. Blue, for example, represents 
toxicity — a health hazard. Red repre- 
sents flammability — the potential for 
fire. Yellow is assigned to reactivity or 
stability when exposed to common ma- 
terials such a.> water or common events 
such as jarring shocks. In each colored 
area a number from 0 through 4 has 
l)een assigned, proportional to the degree 
of hazard. 0 represents a relatively 
harmless cIa.ssification. Posters explain- 
ing the tag are displayed wherever 
people are likely to be working with 
chemicals. Today, that means almost 
everywhere. 

In addition to the Hazardous Material 
Tag, detailed information is made avail- 
able through a loose leaf, Chemical 
Safety Book. One edition contains data 
based on reports from chemical manu- 
facturers, recognized reference texts, 



A conspicuous poster gives further in- 
formation to Tektronix employees about 
the Hazardous Material Label. 
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This is a typicai sheet from the Hazar- 
dous Materiai Safety Book. The brand 
name has been removed. 



and medical advisors. (When we are 
uncertain as to the chemical contents of 
brand name items, we request details 
from our suppliers or make our own 
analysis.) This edition is used by those 
whose work exposes them to potential 
harm. An augmented edition of the 
Chemical Safety Book contains medi- 
cal treatment information beyond first 
aid. This edition is available only to 
qualified medical personnel at our 
facilities. 

The hazard label we use is an adaj)ta- 
lion of a tagging system originated by 
the National Fire Protection Associa- 
tiom The label developed by this grou]:» 
is j^rimarily leased on hazards of inateri- 
als in flame or exposed to heat. Our 
adaptation auem))ts to indicate hazards 
under "normaP’ use conditions. 

We are printing this information in 
TEKSCOPE for its possible value to 
those intplementing safety practices in 
their organization. The Chemical Safety 
Book mentioned is 7U)t available for dis- 
tribution since it represents some arbi- 
trary cla.ssifications of hazard levels 
based on our judgments. 




iiSlilili® 

1. Deichmann, W. B,p Gerarde, H. W.: Symptomatology 
and Therapy of Toxicological Emergencies. Academic 

||||||||||re|||5||f:ew||iq®®:S 

2. norland’s Illustrated MediicaE Dictionary. W. B. Saun- 

^ ders Go.,' Philadelphia, 24th Ed. 1965. ; , 

\ 3: Fairhall, L. T.: Industrial Toxicology. The Williams & 

vW Go., Baltimore, 2nd Ed., 1957. 

4. Hodgman, G. D., Weast, R. C., Selby, S. M.: Handbook 
of Chemistry and Physics. Chemical Rubber Publ. Go., 

P: Cleveland, ;.41st Ed., ,1959. 

5. Jacobs, M. B.: The Analytical Chemistry of Industrial 
X Poisons, Hazards, and Solvents, Interscience Publishers, 

Inc., New York, 2nd Ed., 1949. 

6. Lange, N, A., Forker, G, M.: Handbook of Chemistry. 
McGraw-Hill Book Co., Inc., New York, lOth Ed., 1961. 

7. Plunkett, E. R.: Handbook of Industrial Toxicology. 
Chemical Publ. Co., Inc., New York, 1966. 

8. Rose, A., Rose, E.: The Condensed Chemical Dictionary. 
Reinhold Publ. Corp., New York, 6th Ed., 1961. 7th 
Ed., 1966. 



INFORMATION SOURCES 



9. Sax, N. I.: Handbook of Dangerous Materials. Reinhold 
Publ. Corp., New York, 1951. , , 

10. Sax, N. I.: Dangerous Properties of Industrial Materials. 
Reinhold Publ. Corp,, New York, 2nd Ed., 1963. 

11. Steelier, P. G., Finkel, M. J., Seigmund, O. H., Szafran- 

ski, B. M.: The Merck Index. Merck & Go., Inc., Rah-, 
way, N.J., 7th Ed., 1960. v\ A ' 

12. American Industrial Hygiene, Hygienic Guide Series. 

1 3. Handbook of Organic Industrial Solvents. American 
Mutual Ins. Alliance, Chicago, 3rd Ed., 1966. 

14. Manufacturing Chemists’ Assn., Inc, , Chemical Safety 

Data Sheets. , 

15. National Safety Council Data Sheets. 

16. Patty, Industrial Hygiene and Toxicology. Interscience 

Publishers. ^ 

17. Fire Protection Guide on Hazardous Material. National 
Fire Protection Association, 2nd Ed. 

18. Chemical Data Sheets. Manufacturing Chemists Associ- 
ation, Inc. 
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rECHNIQUE: Time measurements to better than 1% 



Your Oscilloscope was adjusted to nearly perfect 
accuracy during its last calibration — but only on one 
postion on each time base and one range of the delay 
time multiplier. 

Time base accuracy is often specified as 3%, an uncertainty 
statement that accounts for worst case system differences 
over all time base ranges. It is unusual in practice to ac- 
tually find an error as great as 3%. Often overlooked is 
that other source of nieasurment uncertainty: Resolution. 

Some aspects of specified accuracy and resolution limits are 
illustrated on this page. 

When you must make better than 5% time measurements, 
resolution uncertainties can be minimized by using proper 
delaying sweep techniques. To assure better than \% ac- 



curacies, on a selected delay time range, a standard period 
source must be used for verification*. If you find that the 
specific delay accuracy is not as desired, that range can be 
adjusted by a knowledgeable calibration technician to be 
better than 1%.** 

Specified accuracies are statements of possible worst case 
conditions, but in most cases, a well maintained instrument 
will do much better than specifications indicate. 

^'Tektronix 2901 Time Mark Generator 

cautionary note: This technique does not conform to stan- 
dard calibration procedures and if used, the instrument should 
be tagged with appropriate information. Conformance with 
the standard manual procedures will assure that accuracy 
specifications will be met on all ranges. Deviation may re- 
sult in out of specification results on some ranges. 



YT DISPLAY 

SPECIFIED ACCURACY-3% 
2 % 1 % 



TIMING COMPONENTS 
SWITCHED FOR EACH 
TM/DIV POSITION 




2 % 



10 DIV 























4444- 


4444 




4444- 


4444- 


1 1 1 1 


4444- 


4444 


it-l-L 


1 1 1 1 


1 1 1 1 


TTtt 


TTtt 


tTTT 


TTTt 


Tttt 


1 1 1 1 


Tttr 


TTTT 


Tttt 


tttt ^ 























50 INCREMENTS 1/50-2% 



TOTAL-5% 

WORST CASE WITHOUT INTERPOLATION BETWEEN INCREMENTS 



DELAYED SWEEP 

SPECIFIED ACCURACY-1. 2% 

1% 0.2% NEGLIGIBLE 



TIMING COMPONENTS 
SWITCHED FOR EACH 
TIME DELAY RANGE 




RESOLUTION LIMITS-0. 2% 




TOTAL-1.4% 



WORST CASE WITHOUT INTERPOLATION BETWEEN INCREMENTS 
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SERVICE SCOPE 



TROUBLESHOOTING THE 453 



By Charles Phillips 

Product Service Technician, Factory Service Center 



The 453 Oscilloscope has become the most widely used 
instrument in field servicing. It’s also a popular lab item. 
This popularity makes it likely that you will work on one 
some day soon. When that day comes and a 453 turns up 
on your bench needing service, normal scope troubleshooting 
procedures and the manual are sufficient to locate the source 
of trouble. All of us develop extra problem solving tech- 
niques when we w^ork regularly on a particular .series of 
instruments. We come to recognize and look for troubles 
we have seen before. I would like to share a few experiences 
and ideas related to the 453, particularly tho.se w-ith serial 
numbers above 20,000. 

TIME BASE 

When time base troubles are suspected, the first thing to 
do is eliminate possible front panel problems. Remember, 
all four levers up in the A Sw’eep control area wall produce 
a time base functioning scope. Then push the TRACE 
FINDER button to reveal a trace. If no trace appears, w’C 
must then positively eliminate the horizontal amplifier as 
the trouble area. To do this, set the Horizontal Display to 
EXT. FIORIZ. Use the Trace Finder and Horizontal Posi- 
tion controls; you should have a spot that can be moved 
freely across the CRT. 

O.K., we have establi.shed the trouble is in Time Base A 
(A Sw^eep). 

Time base generators consist of a gate generator and an 
integrating ciixuit. There are a number of auxiliary circuits 
tied into the complete time base package. Since everything 
in this package is dc coupled, chasing voltages around a 
defective sweep circuit can be confusing. Something more 
is needed to reveal the component at fault and simplify 
your task. Here are a few- techniques that I have found. 
They get answers quickly. 

When a time base generator malfunctions, almost ahvays 
we have four conditions. That is, the beam is at the left side 
of the CRT, on or off; or it is on the right side, on or off. 
If the beam or spot is hung up at the left side, try grounding 
Test Point 504 (collector of Q504). This should force the 
integration circuits into running once. You may find it 
helpful to use a swxep time slow'er than 0.1 second per divi- 



sion to give you time to see a s\veep more readily. If you 
have problems getting a spot on screen, rotate focus to 
extreme CW position and u.se maximum intensity. De- 
focusing will eliminate any possibility of phosphor burn. 

If grounding Test Point 504 starts the time base, the spot 
will hang up on the right after one sweep until the ground 
is removed. This is a positive indication that D533, Q533 
and Q531 are O.K. If the trace brightened when TP 504 
was grounded, Q524 and Q514 are also functioning properly. 

The most suspect components are D505, Q585 or Q504. 
With the sweep forced over to the right, a full rundown 
condition exists at collector of Q531. The voltage at the 
collector (Pin A A is a convenient test point) .should be 
about 0. This will be coupled through Q543 and D555 the 
base of Q575 (use Pin N as a handy test point). 

The voltage at the base of Q575 should be about 0, and 
now you should test or substitute D505, Q585 and Q504. 
Preferably a curve tracer should be used for tests. 

When the spot is hung up at the right side of the screen, 
the integrator circuit has run down, but has not been reset, 
Q514, Q543 and Q575 are su.spect. 

There are occasions when you will find a bright spot at the 
start of an otherwise normal sweep. There is no unblanking 
and Q544 should be checked. This is not an obvious effect 
from the schematic. 




All levers up — A quick way to get a sweep on the 453. 
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If after the above cliecks, no active devices are found faulty, 

I have found that it is usually best to verify the values of 
precision resistors used in transistor base circuits. 

B Time Base (sweep) is very similar to A Time Base. 
Troubleshooting procedures based on forcing the integrator 
into action can also be used. Just ground Test Point 704 
and proceed as in Sweep A. 

POWER SUPPLY 

Power supply failures in the 453 can be easy to find. Here 
are some problems and cures. 

Problem: Fuse blowing. 

Check: Bridge rectifier diodes with ohmeter. Typically, 

forward readings \vill l^e about 2 kilohms, reverse 
readings should be high. 

Problem: Wrong voltages. 

Check: If the bridges are O.K., perhaps an overload con- 

dition exists somewhere and the protection ampli- 
fiers, built in each supply, are saving the supply 
components from destruction. If the base-emitter 
voltages on a protection amplifier transistor is 
high, you have a positive indication that an excess 
load exists. See the tables for typical voltages and 
resistance under normal conditions. 

Problem: High ripple voltages on regulated supplies. 

Check: Bridge output filter capacitor may be open. 

Problem: Ripple voltages in excess of specifications, but 
still relatively low. 

Check: Filter capacitor at output of each regulated sup- 

ply. It may be open. 

Problem: Wrong output voltage, (voltage emitter/base of 
protection amplifier within limits). 

Check: Protection amplifier transi.stor for defect. If sup- 

ply works properly without this transistor, the 
transistor is bad, replace it. 



Problem: Voltages are regulated but somewhat out of tol- 
erance. 

Check: Precision resistance values. 

Problem: +12 volt supply output low. 

Check: Remove Q970 from CRT high voltage supply. 

The bridge in the +12 volt supply is the source 
of unregulated dc for the CRT high voltage 
supply. 

CRT HV SUPPLY 

Most scopes use a dc to dc converter to produce CRT 
voltages. An oscillator is used to convert a low dc level 
to RF. The RF is stepped up through a transformer, recti- 
fied and filtered. A sample of the resulting high dc voltage 
is fed back to control the oscillator voltage. This feedback 
is necessary to regulate the whole system. 

Problem: No significant voltage at TP — 1950 V. 

Check: Oscillator may be overloaded, pull lead of Pin L 

on Z Axis Board. This kills the feedback and 
the oscillator may work, producing higher than 
normal CRT voltages. 

Problem: Oscillator not working after lead to Pin L is 
removed. 

Check: Remove CRT socket. If oscillator functions, the 

CRT has a problem. 

Problem: Oscillator still does not work with Pin L discon- 
nected. 

Check: Lift one end of each high voltage rectifier D952, 

D940, V952, and V962. This “unloads” the sec- 
ondary and the oscillator will probably start 
operating. Test semiconductor high voltage diodes 
D940, D952, and vacuum tube rectifiers (V952, 
V962) by replacing one at a time. If this does 
not work, the H.V. filter capacitors should be 
checked. 

The innovative technician can often build upon the manual 
and other routine maintenance information. The only 
thing required is imagination and experience. 



POWER SUPPLY 

TYPICAL PROTECTION 

AMPLIFIER BASE-EMITTER VOLTAGES TYPICAL NORMAL RESISTANCES 



SUPPLY 


ACROSS 


NORMAL VOLTAGE 


—12 V 


R1129 


0.175 V 


+12 V 


R1159 


0.125 V 


+75 V 


R1187 & R1188 


0.375 V 


+150 V 


-- 


-- 



SUPPLY 


TEST POINT 


RESISTANCE* 


—12 V 


H 


80 


+12 V 


D 


70 


+75 V 


B 


1 kU 


+150 V Unreg. 


FI 204 


2.6 kn 



‘Negative lead of meter to ground 
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TEST POINTS 

Where can you hang that scope probe or touch that meter 
lead? This question is a regular part of servicing. You will 
find very useful test points built into many recent Tektronix 
instruments. There are even more “test points” where you 
find metal case transistors. 

Did you know that most metal case transistors have their 
case tied to collector? It makes for better thermal charac- 
teristics and it also allows secure mounting of the chip inside 
the can. You can use the case as a test point, you can touch 
a probe, but you probably won’t be able to clip on to most 
cases. The “test point” is also labeled by Q number, making 
it easy to locate. 

Square pin connectors on our printed circuit boards are 
clearly identified by letters and numbers. These connectors 
and attached leads make excellent te.st points. Individual 
instrument manuals contain schematics and detailed board 
photographs. These aid in pinpointing the connector loca- 
tion, electrically and physically. 



Resistors and other components are purposely mounted with 
sufficient lead-to-board clearance to attach most probe tips. 

Some caution is advised when clipping on to some of the 
sub-miniature resistors used today; they can break with 
rough handling. 




Metal case transistors have easy to reach collector test 
points — the case itself. 



IMSTRUyENTS FOR SALE 

LC130, 317, 503, 515, 516, several 530/ 
540 Scopes with Plug-ins. Henry Posner, 
Pacific Combustion Engineering Co., 
5272 E. Valley Blvd., Los Angeles, Cali- 
fornia 90032. (213) 255-6191. 

524AD, $450. Larry Lawrence, Lawrence 
Engineering, Inc., 11965 Beach Blvd., 
Jacksonville, Florida 32216. 

3A72, $200. Mr. Myhre, Mission Engi- 
neering, Inc., Hiawatha, Iowa 52233. 
(319) 393-2253. 

565, 3A3, 3C66. Mr. H. Everett, c/o 
Dr. C. P. Bailey, St. Barnabas Hospital, 
183rd Street & 3rd Avenue, Bronx, New 
York 10457. 

127. Pat McCusker, Comsat Labs, P.O. 
Box 115, Clarksburg, Maryland 20734. 
(301) 428-4401. 

531/53B, 310, 512. Fred Muessigmann, 
Watson Instruments, Inc., 446 Lancaster 
Pike, Malvern, Pa. 19335. (215) 647- 
3777. 

547, lAl. George Schneider, Space Elec- 
tronics, Inc., 40 Cottontail Lane, Irving- 
ton, New York 10533. (914) 519-8681. 

535/B, $600. Dr. J. Toole, 27 Sheldon 
Street, Wilkes Barre, Pennsylvania 18703. 

551 with P/S. Plug-ins, D, G, Q. Scope- 
Mobile® Cart, 500/5 3 A. $1800 or offer. 
Joe Laub, Unitek Corp., Monrovia, Cali- 
fornia. (213) 358-0123. 

3T77. Les Jacobson, Allen Avionics, 255 
E. 2nd Street, Mineola, New York 11501. 
(516) PI 7-5450. 



556, 1A4, 1A5, all $4178. Howard 

Davis, Silton, 16222 S. Maple Avenue, 
Gardena, California 90247. (213) 770- 
0985. 

514D. Robert Powers, Stellar Industries, 
Inc., 10 Graham Rd., W., Ithaca, New 
York 14850. (607) 273-9333. 

181, $100. Dan Wirtz, McGraw-Edison 
Co., Franksville, Wisconsin. (414) 835- 
2921. 

3 — 2A63. Make offer. Jack von der 
Heide, Optron, 50 Fitch Street, New 
Haven, Conn. (203) 389-5384. 

530 Series Scope/ 1A7A/ 160 Series/360/ 
1121. Sigmund Hoverson, Physics De- 
partment, Texas A & M University, Col- 
lege Station, Texas 77843. (713) 845- 
5455. 

567 Readout Scope, $405/6RlA, $1800/ 
3S1, $900/3T77A, $495/114 Pulse Gen- 
erators, $288/P6032 Probes, $67.50. John 
Mattson, Laminar Corp., 222 Plato Blvd., 
St. Paul, Minnesota 55107. (612) 222- 
8411. 

310A, $600. Mr. Yeomans, Mergenthal- 
ler Linotype, 300 Luckie Street, Atlanta, 
Georgia 30313. (404) 525-7448. 

502, $300. John Breickner, Fifth Dimen- 
sion, Inc., Route 206 Center, Princeton, 
N.J. (609) 924-5990. 

517. Will swap for 15 MHz Scope. Bob 
Schafer, Midwest Research Institute, 425 
Volker Blvd., Kansas City, Mo. 64110. 
(816) 561-0202, Ext. 374. 



63 Plug-in Differential Amplifier, $100. 
2B67 Time Base, $200. Roger Kloepfer, 
(517) 487-6111, Ext. 392. 

410 Physiological Monitor. Rudy Kranys, 
Medrad, Inc., 4084 Mt. Royal Blvd., 
Allison Park, Pa. 15101. (412) 961- 

0393. 

535A, $700. D Plug-in, $110, A Plug-in, 
$60. Summers, Simplec Mfg. Company, 
Inc., 8710 Empress Row, Dallas, Texas 
75247. (214) 637-5470. 

454, $2500. C-31 w/Pack & Roll Back 
and 560 Series Adapter, $400. Virgil A. 
Wiest or Marty Bos, Automix Keyboards, 
Inc., 13256 Northrup Way, Bellevue, 
Wash. 98004. (206) 747-6960, Ext. 21. 



INSTRUMENTS WANTED 

310A, 321 A with probes. Mr. C. H. 
Wexler, Engineering Department, Phoe- 
nix Steel Corporation, Claymont, Dela- 
ware 19703 (302) 798-1411. 

531 with M Plug-in. Stanley Kneppar, 
Technical Concepts, Inc., 580 Jefferson 
Rd., Rochester, N.Y. 14623 (716) 271- 
7953. 

3A6. Jack von der Heide, Optron, 50 
Fitch Street, New Haven, Conn. (203) 
389-5384. 

515, 516, or 524. Phil Hester, 546 Ever- 
green Dr., Corpus Christi, Texas 78412. 

3B3 Time Base. Roger Kloepfer, (517) 
487-6111, Ext. 392. 
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cm /ns 

without prefogging 

Photographic writing speed is a figure of merit that 
describes the ability of a particular camera, film, 
oscilloscope, and phosphor to record a fast moving 
trace. This figure expresses the maximum single-event 
spot velocity which may be recorded on film as a 
trace discernible to the eye. 

The results achieved are a function of the combined 
system performance of the oscilloscope, camera, film, 
recording technique, and the ability of the film 
reader to make a consistent interpretation of the 
results. Prefogging and postfogging of the record- 
ing film improve the apparent photographic writing 
speed of a particular system but the results are unpre- 
dictable and difficult to repeat. Because of this fact, 
Tektronix specifications are determined without using 
fogging techniques. Should the user employ fogging, 
then the writing speed will be increased according to 
his skill. Writing speed figures 50-100% higher are 
possible with controlled techniques on ^Polaroid Type 
107 and Type 410 film. 



7 cm/ns is the minimum photographic writing speed of the Tek- 
tronix 7704 Oscilloscope with Pll phosphor. AVriting speed was 
measured using a new Pll phosphor, a C-51 Camera and Pola- 
roid Type 410 10,000 ASA film. The significance of the fast 
writing speed specification of the 7704 extends beyond an un- 
paralleled ability to record transient events without fogging 
techniques — It is now' possible to use the readily available, but 
slow'er 3,000 ASA film to capture extremely fast transients. 

"^Registered Trade Mark Polaroid Corporation 
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have three major applications . . . 

. . . just one is the oscilloscope 



The development of the Tektronix bistable- 
storage tube was a significant breakthrough 
in Cathode-Ray Tube design. This reliable 
and versatile CRT functioned with ease both 
as a conventional tube and as a tube with long 
term recording capacity. It was immediately 
apparent that this storage tube was of value 
in oscilloscopes, but the tube turned out to be 
the basis for other products. 



COVER — Did you ever run your finger through a raindrop on 
a window screen? The resemblance of the squares pattern 
of the target and stored trace on a 7514 Storage Oscillo- 
scope to lines of filled In squares on an old fashioned screen 
is striking. But, no window screen was ever put together 
with the precise care used in aligning the 5 mil target squares 
to an exact right angle relationship with each other. The 
result: A precision tube, yet rugged and able to function 
without special care. (The smaller, inner waveform is a 
write-thru plot simultaneously displayed with the stored 
information.) 



Today, eleven Tektronix products use this remarkable 
device. Seven are non-oscilloscope products. The ca- 
pacity to both store and display makes this CRT use- 
ful for information display in computer terminals, 
machine control units, and automatic-measurement 
systems. In addition, bistable-storage tubes make ex- 
cellent scan conversion devices and there are two 
distinctly different Tektronix scan-conversion products 
based on this storage-tube function. 

THE PRINCIPLES OF BISTABLE STORAGE 

The Tektronix direct-view bistable storage tube (DV- 
BST) functions by secondary emission. When the nor- 
mal writing gun bombards the CRT phosphor screen 
with a beam of high-speed, focused electrons, the beam 
dislodges great numbers of secondary electrons. The 
phosphor surface where the beam has written loses 
electrons and charges positive. A conductive, trans- 
parent faceplate under the phosphor completes the 
circuit and allows storage of charge to take place. 

In addition to the normal CRT writing gun, flood 
guns are used to cover the complete phosphor screen 



2 @ 1970, Tektronix, Inc. All Rights Reserved, Printed in U.S.A. 

U.S.A, and Foreign Tektronix products covered by U.S. and Foreign Patents and/or Patents Pending. 




) At left are seven Tektronix Bistable Storage Tubes, the basis 
for a variety of Scan Conversion, Information Display, and 
Oscilloscope Products. 



uniformly with low-velocity electrons. The electrons 
strike the unwritten area with too little energy to jar 
loose many secondaries. As a result, the unwritten 
areas merely collect electrons until they are driven 
negative and can attract no more current. 

The positive target areas, where the beam has written, 
attract flood electrons at such a velocity that each 
entering electron dislodges sufficient secondaries to 
hold the phosphor target positive. Thus, the written 
area neither gains nor loses electrons but remains posi- 
tively charged and continues to attract flood gun cur- 
rent. As a result of this equilibrium, the written trace 
remains stored for long periods. The same flood gun 
current that holds the stored trace also holds that stored 
trace bright, since energy of the flood gun electrons 
striking the stored target is sufficient to cause signifi- 
cant fluorescence. The unstored area in contrast re- 
mains relatively dark. 

BISTABLE STORAGE TUBES 
IN INFORMATION DISPLAY 

Cathode-ray oscilloscope waveform recording was the 
first application for the Tektronix direct- view bistable- 
storage tube. Very early it was recognized that the 
tube was, in effect, a high-capacity memory, capable 
of recording many equivalent bits of data. With dis- 
play and memory both in the same device, informa- 
tion retention and display is greatly simplified. For 
display of computer-generated graphics and alpha- 



numerics, the bistable-storage tube eliminates or mini- 
mizes the need for refreshed memory systems. A com- 
puter, for example, can write once and then go on to 
other work and the CRT display will remain, flicker- 
free, for continued use. The Tektronix T4005 Graphic 
Computer Terminal is a low-cost, but sophisticated 
terminal that exploits this storage tube ability. The 
T4005, through interface and accessory systems, not 
only stores and displays, but allows interactive com- 
munication at baud rates limited only, in most cases, 
by external data lines. 

Tektronix bistable-storage tube products are used in 
numerous systems produced by other manufacturers. 
The 601 and 611 storage display monitors are avail- 
able for use in various computer peripheral devices 
and other systems requiring the advantages of both 
storage and display. The 5-inch 601 and 11 -inch 611 
are complete storage monitors easily installed and 
ready to store and display X, Y, and Z information. 




This is a display plotted on the T4005 Graphic Display Unit 
after repositioning and expansion by the 4201 Graphic Dis- 
play Controller. When working with the IBM 1130, the 
Graphic Display Unit and Controller eliminates the delays 
caused by slow plotters. 




601 - STORAGE 
DISPLAY UNIT 



611 -11-INCH DISPLAY UNIT 



T4002- GRAPHIC COMPUTER TERMINAL 



T4005/4201 - GRAPHIC DISPLAY 
AND GRAPHIC DISPLAY CONTROLLER 



3 







SCAN CONVERSION 
WITH THE BISTABLE STORAGE TUBE 

Scan conversion is a process of scan reading CRT in- 
formation at a different rate or in a different sequence 
than that in which the information was originally 
written. Scan converters using the bistable-storage tube 
write and store in an identical manner to the other 
storage tubes. To retrieve the information both the 
stored and non-stored areas of the tube are I'aster 
scanned by the beam, operating in a reading mode. 
The reading beam current divides into two paths after 
reaching the target. The ratio of the beam current in 
each path at any instant is determined by the charge of 
the target area being scanned. The difference in charge 
between stored and non-stored areas is reflected by a 
difference in current. This current develops a voltage 
across a sampling resistor. 

At this time, scan conversion of stored displays is used 
in two distinctly different Tektronix products: the 4501 
Scan Converter and the 4601 Hard Copy Unit. The 
4501 Scan Converter uses a Tektronix storage tube 
which serves as a graphic memory of single events 
stored on the CRT or of dynamic displays of changing 
information. Stored information is scan converted into 
a format used by standard TV systems. 

The composite TV signal is developed by processing 
the voltage developed by the read beam in a video am- 
plifier, and adding sync and blanking pulses. The re- 
sulting TV signal can be to EIA or CCIR standards 
and may be used directly or to modulate an internally 
generated RF carrier. The composite TV signal can 
be used directly with conventional TV monitors. The 
modulated RF, usually Channel 3, works well with low- 
cost, commercial quality television sets. 




The basis of scan conversion using Tektronix Storage Tubes 
is the ease of changing the writing beam to a reading beam. 
The sensing resistor detects read current differences as a 
scan is made of stored and unstored target areas. 



The 4501 Scan Converter exists to process cathode-ray 
tube displays to a form that can be viewed remote from 
the original source or in multiple monitor displays. 
Generally, any information that can be displayed on 
a CRT can be scan converted. In most cases, it is sim- 
ply a matter of providing a sample of the information 
that would normally drive the X, Y, and Z axes of a 
CRT. 

The 4601 Hard Copy Unit produces permanent copies 
of CRT displays by scan conversion. The copy format 
is of standard x 11 inch size. This copy in turn 
can be reproduced in standard office copying machines. 
The 4601 can work with any direct-view bistable stor- 
age tube'^h The necessary scanning voltages and con- 
trol logic ai'e generated by the 4601. 




This fiber optic cathode-ray tube is the writing implement 
that translates scanned storage tube displays to full-sized 
hard copy in the 4601 Hard Copy Unit. 

Scanning signals generated in the 4601 are used to read 
out stored information. The scanning signals and the 
voltage derived from the storage tube reading beam 
drive a fiber optic CRT in the 4601. Photo-sensitive 
paper is drawn across the faceplate of this fiber-optic 
tube and then is processed. A finished, permanent 
copy of the storage-tube display is produced. The com- 
plete sequence requires 18 seconds for the first copy, 
11 seconds for each additional copy. 

STORAGE OSCILLOSCOPES 

The most obvious storage-tube application is to record 
non-repetitive events. Users soon found that the stor- 
age tube also eliminated flicker from low repetition- 
rate displays and in slowly plotted traces. In addition, 
waveforms could be stored for reference and compari- 
son. Photography was simplified; once information was 
stored, the same exposure could be repeated for re- 
cording any stored plot. No matter what is recorded, 
the light output of the bistable tube is constant from 
each point of stored information, simplifying exposure. 
The tube could also be used for a split-screen display 
of both stored and non-stored traces. Four Tektronix 
oscilloscopes use storage tubes including the new 7514. 
'^Some earlier storage tube products require minor modification. 
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The 7514 Storage Oscilloscope is the latest addition 
to the versatile 7000 Series. This instrument includes 
all the significant features of 7000 Series: CRT read- 
out of scale factor and other inputs, multiple plug-in 
capacity, high writing-speed CRT, and 1 7 available 
plug-ins. 




The latest addition to the growing 7000 Series, the 7514 
shown above, introduces Write-Thru. The Write-Thru feature 
displays real time, dynamic and stored information simul- 
taneously — without interaction. 



450 centimeters per microsecond is the non-stored writ- 
ing speed of the 7514. The stored writing speed is 1 
centimeter per microsecond. In addition to the features 
of split screen, auto erasure, fast display integration, 
and long storage time, this oscilloscope introduces write 
thru and auto focus. In the write-thru mode a con- 
ventional, non-stored trace can be displayed simul- 
taneously, and on the same screen area with stored 
displays. Bright write thru traces are displayed with no 
effects on previously stored information through the 
use of special Z-axis control circuitry. Auto focus main- 
tains a well-defined trace or spot through a wide range 
of intensity settings. All that is necessary for a crisp 
trace is initial adjustment. 

The 7514’s non-stored performance is quite similar to 
that of the 7504. Both instruments feature four plug-in 
compartments. Time-shared displays in each channel 
adapt two vertical and two horizontal systems to a wide 
variety of amplifier and sweep and/or amplifier and 
amplifier applications. The bandpass with amplifier 
plug-ins is 90 MHz. In addition the 7514, like all 7000 
Series instruments, provides 25-picosecond risetime and 
real-time sampling. 




RECORDING FAST DISPLAYS 
ON X-Y RECORDERS 

Recorders make permanent oscillograms but are 
much too slow for many applications. Response- 
limited recorders can be adapted to record repetitive 
fast events with the aid of a sampling oscilloscope. 
It is a simple matter to use your sampling oscillo- 
scope with your X-Y plotter since sampling instru- 
ments have outputs specifically designed for that task. 

The purpose of sampling is the conversion of very 
fast analog information for processing and display 
in relatively slow systems. The same technique that 
matches a 25-picosecond risetime to a one-megahertz 
scope amplifier easily matches a 25-picosecond, or a 
25-microsecond risetime, to a one-kilohertz or slower 
recorder. 

The sampling oscilloscope normally works in equiva- 
lent time. The timing of each sample in sequential 
systems is determined by three factors. 

ONE, a ramp representing equivalent time. 

TWO, a DC voltage representing T© in equiva- 
lent time. 

THREE, a voltage, either internally or externally 
generated, which plots the display in the X axis. 



When using an X-Y plotter, the plotting voltage must 
be a slowly changing voltage. This contrasts with a 
CRT plot where the rate of sweep is usually fast to 
eliminate flicker. Substituting a slow, external X-axis 
signal or using the convenient manual plot control 
built into the sampling time base in place of the usual 
CRT X-axis deflection signal allows the output (s) 
of the sampling scope to be accurately plotted on 
paper. It is really quite easy. 



SAMPLING 

OSCILLOSCOPE 



SWP VERT 
OUT OUT 



X-Y 

RECORDER 



Y IN 



X IN 

♦ 



SIG IN 



The setup above uses the manual scan function built into 
samplers. If your recorder features a time base output, 
it can be used in place of manual scan. 
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Oscilloscope photography is an art involving many vari- 
ables. It has probably been your experience that the 
first try often produces less than acceptable results. 
It is possible to get acceptable results on the first try 
if you are armed with a little extra knowledge of wave- 
form photography. This article will discuss oscilloscope 
photography with the objective of clearing some of the 
mysteries and providing simple^ workable techniques for 
better waveform pictures. 

To take good waveform pictures, it is necessary to con- 
sider the difference between eye and camera. The 
camera obviously does not sense light as the eye does. 
It is also important to know the differences between 
ordinary scene photography and scope trace recording. 
You should also know that the oscilloscope is built to 
be used visually and therefore is usually optimized for 
that purpose. Now, let us look at the process of taking 
a waveform picture. 

EXPOSURE SETTING 

Exposure setting is the attempt to get just the right 
amount of light on the film to record the image within 
the photographic limits of the film. Usually exposure is 
determined by visual techniques although there are 
vast differences between the eye and the camera. The 
eye, for example, can sense light over a range of in- 



tensity of greater than one million to one. Film can only 
handle ranges of about one hundred to one. The eye’s 
extensive range is partly because it responds to light 
logarithmically; film responds linearly. With the limited 
dynamic range of film, overexposure or underexposure 
is very easy. How then can acceptable trace recordings 
be made? 

It is fortunate that the information displayed on the 
oscilloscope is usually graphic. It consists of lines, there- 
fore, it does not matter if portions are overexposed. 
Within limits, overexposure can create a solid trace; 
crisp, clear, and pleasing to look at. It is the dim or 
indistinct portions of a waveform photograph that 
could be considered to be within the “normal” expo- 
sure range of the film used. It is apparent then that 
exposure and overexposure are terms which are more 
relevant to ordinary photography than to scope pho- 
tography. Trace recording is ideally line photography, 
that is, complete exposure for the trace and graticule, 
no exposure for the rest. It seems that all we have to 
do is “overexpose” and be done with it. Unfortunately, 
it is not quite that simple. 

Overexposure would be fine if the only source of light 
was from the trace and graticule. This is not the case 
since the fluorescence caused by the beam illuminates 
the area surrounding the spot. Overexposure settings, 
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Film cannot respond to large variations of light ievel. Each 
of the four traces shown is a single sweep, photographed 
with aii camera and scope settings the same except vertical 
position and sweep time per centimeter. The lower trace 
sweep rate is 1 fis/div. Since each trace upward is pro- 
gressively 10X slower than the preceding trace, therefore, 
the light available to the camera is 1000X greater for the 
top trace than the lowest trace. The top trace is grossly 
overexposed, clearly showing that film cannot handle light 
variations greater than 100:1 without exposure change. 



if carelessly used, can result in an unattractive picture 
of the trace plus the reflected light of the spot. Even 
though this reflected light level is low and not objec- 
tionable visually, it can appear very messy on film. 
Another undesirable effect, as exposure is increased, 
is a broadening of the recorded trace. This occurs as 
more and more of the spot’s width is recorded. The 
CRT beam has a Gaussian distribution of electrons 
through its cross section. The resulting spot has the 
same light distribution in cross section. As the exposure 
is increased, more of the skirts of the spot, plus the near- 
by reflected light, exposes the film and the recorded 
trace becomes broader. These side effects of overexpo- 
sure create a practical dynamic range of beam movement 
that can be recorded for any one exposure setting. The 
best exposure setting chosen, therefore, involves an at- 
tempt to bracket the brightest and dimmest portions 
of the display without unattractive side effects. 

It is practical to use the eye to judge exposure, even 
though the eye and the camera are different. Whenever 
the eye sees the trace as a continuous line, (no flicker 



or distinct spot movement) , the scope user can make 
a good exposure estimate. If you have had problems 
in estimating exposure, you might try this: Adjust your 
scope display for “normal brightness”. (That is what 
appears proper to you for visual use.) Set your camera 
for f/11 at 1/10 second and shoot. You should have 
an acceptable picture. At least you will be quite close. 
The use of f/ll, a relatively small f stop, will give 
good depth of field. Everything will be in focus on 
any .scope. The relativ’ely long exposure of 1/10 sec- 
ond minimizes the effects of recording a fractional 
sweep. Now, let’s look at a different photographic 
problem. 

Low duty cycle, fast-sweep displays require a higher 
intensity control setting to bring up the brightness. If 
the intensity appears “normal”, exposure of the display 
can be judged as described in the last paragraph. At 
some point a low duty cycle will require a very high 
intensity setting and a blurry, defocused trace may re- 
sult. The scope’s intensity control can change the light 
output over a very wide range. But it is the practice 
to have more beam current available than can be com- 
pletely controlled by focus and astigmatism at the high- 
est intensity settings. 

When defocusing occurs because of high beam current, 
back off a bit on intensity and use a longer exposure. 
Control of exposure by f stop change is limited in com- 
parison to the wide range of trace light available over 
the full possible ranges of sweep rate and duty-cycle 
combinations. Because of f stop range limitations (typi- 
cally 2”), time expo.sures greater than 1/10 are more 
useful with dim, low duty cycle displays. As an alter- 
nate to longer time exposures, you may want to try 
exposing to a controlled number of sweeps. Your 
scope’s single sweep mode can be used. Press the RE- 
SET button for the number of sweeps desired for prop- 
er exposure. The shutter, meanwhile, is kept open in 
the Time position. This technique requires a little 
trial and error effort, but it can pi'oduce excellent 
results. 

The non-repet itive event, particularly the fast transient, 
often strains the maximum performance of the scope/ 
camera system and frustrates the user. Events in the 
microsecond or slower time domain are within the per- 
formance limits of the typical scope and camera. The 
problems in recording these events usually involve “pos- 
ing” the waveform for trial and error runs to set correct 
exposure. Sometimes a lot of trial and error is involved 
to get just the right deflection factor and time base. 
Even more troublesome is the proper location of To by 
correct triggering. What you are attempting to do by 
triggering is to nail down a specific, brief time interval 
out of infinity. It can be difficult. 
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TRAPPING THE ELUSIVE TRANSIENT 



STEPS TO MORE WRITING SPEED 



When setting out to trap a single transient, most users 
find that it is better not to use internal triggering be- 
cause noise or other undesirable signals will often false- 
trigger. When possible, externally trigger your instru- 
ment from the same switch or circuit that initiated the 
transient. Another technique is to start a sweep and 
then use a time-related output of the scope'''* to ini- 
tiate the transient event. Now, let us get to the prob- 
lem of recording the fast, single transient. 




Single Shot photography can be more trouble free if the 
scope is externally triggered with the same predictable and 
noise free command that initiates the events necessary to 
produce the transient. Avoid internal triggering from the 
transient signal source as it is often noisy and the tran- 
sient itself may have a waveform unsuitable for triggering. 

The typical scope camera has an f/1.9 lens with a mag- 
nification of 0.85. With the readily available 3000 ASA 
speed film, many fast transients are w^ell within this 
camera’s ability to record. When operating on the 
fringe of a camera’s single tran.sient usability, whenever 
maximum CRT intensity does not produce a usable 
trace, there are several steps that can help. Reduce 
the display amplitude. This reduction will decrease 
the rate of beam movement and often makes the nec- 
essary difference between good and unacceptable. De- 
veloping the film for 2 seconds instead of ten can also 
increase writing speed at the expense of contrast. This 
generally produces a poor looking picture. When both 
techniques do not work, it is time to consider a faster 
camera, CRT, film, or all three. 

*See June 1970 Tekscope — Page 8 



The oscilloscope that you are using, in all probability, 
has a CRT with P31 phosphor. This phosphor is a 
highly efficient source of light peaked at about 530 
nanometers, an optimum wavelength for visual obser- 
vation. For this reason, phosphor comparison charts 
often use P31 as a 100% reference for relative lumi- 
nance. 

Luminance values are light values measured through a 
C.I.E. Standard Eye Filter and are appropriate for 
visual work. Luminance charts, however, do not ade- 
quately represent the response of film. Although P31 
is good for most waveform photograph applications, it 
is not optimum for speed. In addition, P3l’s persistence, 
or after-glow after excitation is removed, will often re- 
quire a short wait to avoid recording previous traces or 
even the results of ambient light excitation. Colored 
light filters can reduce the persistence effects but filters 
also attenuate total light output. 




How much can you improve writing speed with practical 
techniques? The range of improvement is approximated 
above. Approximated because the many variables in CRT, 
film, and camera performance make writing speed prediction 
difficult. 
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WAVELENGTH-NANOMETERS 

The color (wavelength) of the peak light emitted is the key to phosphor selec- 
tion. Normaliy, P31 is selected for its excellent visibility to the eye. P11 is 
best only when writing speed and persistence must be optimum for oscilloscope 
photography. 



Pll can double writing speed over P31. Pll phosphor 
light output peaks at 450 nanometers, very close to 
optimum for CRT photographic writing speed. Pll 
has a relative luminance of 25% compared to P31 and 
is far from optimum visually. In addition to its pho- 
tographic writing speed, Pll has the photographic ad- 
vantages of very short persistence characteristics. Most 
Tektronix oscilloscopes offer Pll phosphor as a no- 
charge option at time of purchase. Careful considera- 
tion should be given to the less- than- optimum visual -use 
characteristics of this Pll phosphor before making a 
decision to purchase. 

Where an extra 2 to 2.5 faster writing speed is desired, 
Polaroid^'* Type 410 film can be used. This film is rated 
at 10,000 ASA. ASA ratings are not fully appropriate 
to scope use, but they do indicate roughly the speed 
in trace recording. This film is not stocked everywhere 
but is available through normal suppliers of Polaroid 
film. 410 is a roll film, not compatible with flat pack 
backs. 

General purpose cameras are not slow cameras in the 
sense that they cannot capture high speed, single traces. 
But, at some rate of beam movement, a faster camera 
^Polaroid is a registered trademark of the Polaroid Corp. 



may be required. Faster scope cameras have a larger 
lens of more than an f stop better and usually a smaller 
magnification. Light gathering capacity is increased 
by the lens, by greater than two, and then concentrated 
on a smaller film area by the smaller magnification. An 
overall gain of at least four in writing speed results. 

There is a less convenient step that can increase writ- 
ing speed. A slight overall exposure in addition to the 
regular exposure can increase writing .speed by a factor 
of two. This sensitizing process is called fogging and 
can be done prior to, coincidental with, or after trace 
exposure. Fogging techniques are not necessary when 
using optimum photographic techniques with the 454 
and 7000 Series Oscilloscopes. 

We have not covered focusing, mounting, and other 
factors in camera usage since this information is avail- 
able in your camera manual. The subject of lens and 
CRT distortions and their effects has been bypassed. 
There are other second order writing speed improve- 
ment techniques that are doubtful in value from the 
point of view of results or costs. The techniques de- 
scribed in this article have been proven to be useful. 
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THREE IMPROVED CAMERAS 



SINGLE TRANSIENT PHOTOGRAPHY 



C50 — General Purpose — Particularly Well Suited for 
the 7000 Series 

C51 — Fast Scope Photography — Particularly Well Suit- 
ed for the 7000 Series 

C70 — General Purpose — 6^ -Inch CRT Applications 

Two important steps in waveform photography, setting 
focus and exposure, are greatly simplified in the newest 
Tektronix oscilloscope cameras. With simple adjust- 
ments, pictures will be right on the first try. Other new 
camera features enable the operator to control single 
sweep operations at the camera or at remote locations. 
With one step, at one location, the user can initiate the 
complete sequence necessary to record transient events. 

FOCUS AND EXPOSURE 

Setting focus on many scope cameras requires accessory 
focusing plates and low ambient light levels. The new 
cameras provide a built-in pair of focusing light bars 
to simplify the process. It is no long necessary to seek 
focusing accessories, which are often misplaced, or to 
turn down the lights. The bars are an aid to focusing, 
projected onto the CRT screen. Aligning the bars, 
by a sirpple adjustment, completes the focusing process. 




Film speed, phosphor, exposure time, and lens opening are 
interrelated by the computation gears of the trace brightness 
photometer. This feature is standard in the C50, C51, and 
C70 Oscilloscope Cameras. 

Exposure setting is equally as easy with the aid of a 
new, built-in spot photometer. The operator merely 
matches the photometer spot intensity to the trace in- 
tensity. All factors affecting exposure such as film 
speed, shutter time, and CRT phosphor are related to 
lens aperture and trace brightness through a mechani- 
cal computer. In setting exposure the operator uses one 
knob to match photometer spot and trace intensity. The 
adjustment is quick. After setting, variation of lens 
aperture or exposure time will not disturb correct expo- 
sure. The computer automatically maintains correct ex- 
posure relationship through all subsequent adjustments. 



Single transient photography requires careful prepara- 
tion of the scope and camera to capture all informa- 
tion. After the initial set up, a check list is often neces- 
sary to insure that every vital step is made. In some 
complex experiments and tests, dozens of scope/camera 
systems are required to completely record the vital pa- 
rameters of the transient event. This can make the 
process even more subject to error by multiplying the 
required steps. The new cameras remove at least two 
steps from the task of recording the single transient. 



START 

COMMAND 




1. The start command triggers the oscillo- 
scope and initiates the transient event. 

2. The trace is photographed. 

3. Approximately 5 seconds after sweep, the 
shutter closes. 



One step, at the camera or remote location, initiates the 
complete sequence necessary to capture single events pho- 
tographically. 



The C50, C51, and C70 are ideal for remote operation 
of single or multiple camera systems. They feature 
electrically operated shutters. The operator, through 
a new single-sweep mode, can arm the scope’s single 
sweep system at the camera, or at a remote control site. 
Then, after the transient event triggers the sweep, the 
electrically-operated shutters will be automatically 
closed. Just one step does it all. The new oscilloscope 
cameras greatly simplify the art of waveform photog- 
raphy, saving time, film, and frustration. 
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TE K INI I QLJ E ■ Amplitude measurements to better than 1% 

I 



The first step towards making more accurate amplitude 
measurements is to increase resolving power. The second 
step is to make the measurement by comparison to an ac- 
curate voltage reference. 

Certain plug-in amplifiers are built specifically to improve 
resolution and to provide a precision reference voltage. 
These units are called differential comparator amplifiers; 
occasionally they are described as slide-back amplifiers. 
These plug-ins work equally as w^ell in either the vertical 
or the horizontal compartment of an oscilloscope. 

In the August issue, Teknique discussed resolution and com- 
parison as related to improved time base accuracy. Anal- 
ogous concepts are used in differential comparison. That is 
magnification, employing considerable off-screen deflection, 
comparison to an accurate reference. The technique nulls 



or balances a point on the magnified waveform to the same 
position on the CRT screen that was occupied before com- 
parison by the other extreme of the voltage being measured. 
The “readout” task is transferred from the calibrated grati- 
cule, which has limitations in resolution, to a device which 
is, in effect, a calibrated position control. This position 
control provides hundreds (sometimes thousands) of re- 
solvable measurement increments. 

Accuracy is further improved by comparison since the ref- 
erence values used are more accurate than that necessary 
in attenuators. Attenuator tolerances are typically specified 
as 3% (2% in the 7000 Series). These attenuator specifica- 
tions, of course, are “worst case” statements. Comparison 
voltage specified accuracies are always significantly better. 
In some units accuracies approach 0.1%. 




Figure 1 shows the bottom of a stairstep waveform of approximately 10-volts amplitude positioned to a Y- 
axis graticule line. The comparison voltage reads 000.0 volts. Figure 2 shows the top of the same wave- 
form positioned to the former location of the bottom. The comparison voltage reads 9.827 volts, a precise 
reading of the peak-to-peak amplitude. The difference between intermediate points on the waveform 
can be derived just as easily. 

The photographs were made displaying the equivalent time base deflection voltage of a 1S1 Sampling 
System. The oscilloscope is a 7503 with 7A13 Differential Comparator Amplifier. The 7A13, 1A5, W, and 
3A7 are four plug-ins that feature the differential comparison measurement technique. 
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SERVICE 



SERVICING THE C12, C13, C19 and C27 CAMERAS 




By Charles Phillips 

Product Service Technician, Factory Service Center 

Until recently oscilloscope cameras have been asseml^lies of 
commercially availal)lc lenses, shutters, and film backs. The 
rest; frames, mounting hardware, and so forth; have been 
Ixiilt by scope camera manufacturers to suit the special 
photographic and mounting needs of scope trace recording. 
Failures and malfunctions in cameras of this type are usu- 
ally confined to sticking .shutters and light leaks. There is 
.some rare breakage due to accidents. Mechanical parts 
broken by such accidents are readily replaced. Each cam- 
era manual shows a detailed exploded view of the neces- 
sary replacement parts. The.se parts, except for components 
of the lens/shutter asseml)ly are readily obtained through 
the .same channels you use to get other Tektronix parts. 
Be .sure to u.se the full nine digit part number and the cam- 
era type and serial number when ordering. 

If you have a light leak you may find the .source difficult 
to locate. In general, they are due to improper installa- 
tion of camera hardware. It pays to carefully examine the 
camera l^ack for loose or missing screws. If you have a 
“light leak” that occurs only with extra long exposures, 



you may be recording the light emitted by the CRT heater. 
This is not a common occurrence today. Aluminized tubes 
have virtually eliminated the effect. There isn’t much you 
can do about this light .source except shorten your exposure. 
Long exposures, on older scopes, are .sometimes subject to 
light leakage in through the .scope sides and out through 
the CRT. 

Shutter sticking is an occasional problem. Servicing shut- 
ters requires some mechanical skills; not quite as much as 
clock repair, but the ta.sk is not to be undertaken casually. You 
jnay prefer to have your Tektronix Field Engineer arrange 
repair through a Service Center. It is practical, however, 
for you to cure this problem using normally available equip- 
ment. 

The following servicing techniques apply to both the 
Elgeet/Ilex 3X and the Ilex 3X Shutter as well as the 
VVolIen.sak Alphax and Pi-Alphax Shutters,* If you are 
not familiar with .shutter mechanisms, I recommend that 
you tackle an Ilex before a Wollensak. The springs in a 
Wollensak are apt to pop out as you work the shutter with- 
out the cover. The Ilex springs are held in place by screws 
and won’t pop out. Therefore, it’s best to get a feel for the 
action with an Ilex. 



V/c.v is a registered trademark of Ilex Optical Company, Inc, 
12 Alphax and Pi-Alphax are registered trademarks of Wollensak. 







ILEX SHUTTER 



WOLLENSAK SHUTTER 



GREASE ON BACK 
OF TAB 



GREASE WHERE 
LEVERS RIDE 



OIL 

GREASE ON TAB 



PENCIL LEAD 



OIL 



PENCIL LEAD 



OIL 



FINGER RELEASE LEVER 



OIL UNDER COVER 



"FINGER RELEASE 
LEVERS CROSS 



GREASE 
ON SLOT 



GREASE ON BOTTOM 
OF CASE 



GREASE WHERE 



PLUNGER 
LEVER TAB 



OIL 



Proper attention to the above points, during servicing, w/7/ assure smooth and reliabie shutter function. 



First, determine that the shutter is malfunctioning by the 
feel of the actuator (a spongy or rasping action is a com- 
mon symptom). Then unscrew the lenses from front and 
rear of the shutter housing. — Be sure to remember or mark 
which is which; you could have an identification problem at 
reassembly. If the lenses are stubborn, use a towel to get a 
better grip. In a few cases, mostly with Wollensak lens as- 
semblies, Glyptol cement was used to seal the assembly. 
Acetone will soften it. In extreme cases, a gripping device 
such as used to open stubborn jars may be necessary. 

After the lenses are removed, set the shutter speed at 1. 
Put a mark on the shutter cover at the finger release lever. 
Then put a mark on and remove the second cover. (Ilex 
and Elgeet only). The marks aid in alignment at reassem- 
bly. Note the position of levers and springs. Don't operate 
the Wollensak shutter with the cover off. The springs can 
jump off their posts. 

Next, fill a small bowl with enough Freon to cover the shut- 
ter. Caution — use tube puller or similar gripping device to 
dip shutter into Freon. Freon wiW remove oil and foreign 
matter from the shutter ajid the hand; it is best not to touch. 




A Freon bath will remove encrusted material from the vital 
moving parts in a shutter assembly. 
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Let the shutter dry, you can use low pressure air if avail- 
able. The shutter should now work freely. If not, here are 
some suggestions: 

Wollensak Problem #1 — Plunger lever jumps out 

of slot. 

Solution — Bend tab inward slightly 

and reinstall in slot. 

Problem #2 — Bent master lever or 

plunger lever. 

Solution — Carefully experiment, 

small bends may be nec- 
essary to make it work. 

Ilex & Elgeet Problem #1 — Finger release lever rides 

over or under master le- 
ver. 

Solution — Raise or lower end of mas- 
ter lever to ride in slot on 
finger release lever. A 
small bend upward on the 
end of the master lever 
will prevent these two 
levers from jamming. 

Next, some lubrication. On Ilex shutters, loosen screws (see 
photo) one at a time and add a small drop of oil on top 
of post. Retighten screw. On the Wollensak, just add a 
drop of oil. Blot excess oil; a cotton tip swab is excellent. 
There are four oils that we feel are satisfactory; WD40, 
No Noise, Clock Oil, or the oil commonly used on meter 
movements. Rub a dry lubricant or a “lead” pencil (graph- 
ite), on the points shown on the photograph. Install cover 
on Wollensak and operate shutter a few times. Blow off 
any excess dry lui)ricant. Grease at points indicated with 
switch detent lube. Check springs and levers again for 
proper function. Assemble shutter assembly. Check all 
ranges of speed control. 

Now clean the lens ^vith lens paper or tissue. Blow off any 
lint. Reassemble all lenses and the shutter. You should 
now have a reliable shutter, good for years of service, 

ADDING INFORMATION TO POLAROID PRINTS 

Over the years customers have had the need to record data 
on Polaroid ^vaveform photos. Some imaginative techniques 
have been reported to us and we are passing them along. 

Technique 1 — Use a draftsman’s thin metal erasing shield 
and an eraser (an electric eraser is ideal if you’re lucky 
enough to have one handy) to label or pinpoint informa- 
tion on Polaroid Land prints. The shield and eraser will 
enable you to erase through the print to the underlying \vhite 
paper. You can erase away a portion of the print to form 
an arrow or a space to write in a number or a brief de- 
scription. 

This technique is most effective when used after the sur- 




Polaroid prints can be written upon with ordinary pen or 
pencil — see Technique 1 for details. 




Information has been added to this photograph with a pointed 
impiement — see Technique 2 beiow for details. 



face has dried a few minutes after development. Don’t ap- 
ply the coater until after completing the erasure and re- 
cording your data. 

Technique 2 — Polaroid prints are soft enough to be scratched 
for some time after development. This softness enables a 
metal point to scribe data on the print. The point should 
be sized somewhere between a common pin and a sharpened 
pencil. If the print is too hard, soften it with reapplication 
of the coater. 

Technique 3 — Apply SNOPAKE® correction fluid, manu- 
factured by Lit ho- Art Products, Inc., to a select section of 
the print. This fast drying stuff will form a surface for 
writing. Ask your secretary; she probably has some stashed 
away. If not, your local office supply source has it. 

Technique 4 — Less convenient, but effective. Take a pen- 
cil type soldering iron and write. The results should be 
clear and distinct. 
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MARKING PHOTOS FOR ORIENTATION 

You can avoid confusing moments for others if you will 
mark on your waveform photos which end is which. Some 
cameras reverse the waveform, some don’t; some flip it 
upside down, some don’t. Most of you indicate this infor- 
mation in a note attached to the photo, but woe to a per- 
son who gets the photo minus the note! 

SPRAY MATTE FINISH ACCEPTS PEN OR PENCIL 

The glossy surface of Polaroid opaque prints can be dulled 
to a matte finish by application of Marshall’s Pre-Color 
Spray or Marshall’s Pro-tek-to Spray. 

The dulled surface can easily be written on ^s■ith ordinary 
lead pencil, I)all-point pen, etc.. Dulling the surface also 



makes the prints suitable for use in opaque slide projectors 
(magic lantern). 

The spray treatment is not a substitute for application of 
the regular coating chemical provided with each roll of 
Polaroid film for fixing and protecting the print; use 
Marshall Spray after the regular protective coating has 
been applied and allowed to dry. 

Marshall’s Pre-Color Spray is available through artist sup- 
ply stores. Marshall’s Pro-tek-to Spray is available through 
photo dealers. 

WRITING ON GRATICULES 

For writing on graticules for photographic purposes, we sug- 
gest a yellow grease pencil. Flora-Fluorescent made by the 
Swan Pencil Co. is one type that may be useful. 



INSTRUMENTS FOR SALE 

316, $450. GA Plug-In, $120. Roy B. 
Lang, 1003 Reseda Drive, Houston, 
Texas 77058. (713) 488-0149. 

547, 1A2, $1900. Mr. J. Infusino, 3 Dog- 
wood Lane, Nutley, N.J. (201) 667- 

4266. 

601. Manny Mandell, Tonus, Inc., 45 
Kenneth Street, Newton Highlands, Mass. 
02161. (617) 969-0810. 

RM181. Dr. D. Mellon, University of 
Virginia, Department of Biology, Char- 
lottesville, Virginia. (703) 924-7119. 

453, $1500. Jack Hart, New Jersey Com- 
munications, 760 Fairfield Ave., Kenil- 
worth, New Jersey. (609) 245-8000. 

532, 53C. Roger Harker, Bently Nevada 
Corporation, Box 157, Minden, Nevada. 
(702) 782-2255. 

516 with P6017 Probes. Carl Frederik- 
sen, Moline Tool Company, 102 20th 
Street, Moline, Illinois 61265. (309) 

764-2418. 

545B, lAl, $2000. P.O. Box 1300, Win- 
ter Park, Florida. (305) 831-6222. 

310A. Paul Katz, 5224 Linden, Bellaire, 
Texas 77401. (713) 524-3761 or (713) 
667-5232. 

454 Mod 163D, $2500. Palmer Agnew, 
314 Front Street, Owego, New York 
13827. 

551, CA, 53/54C. Guy O’Balinski, Bro- 
mion, Inc., Rt. .17, Sloatsburg, New York 
10974. (914) 753-2733. 



535A, 545A, 531A & CA, L - 503, 515A, 
LC130. Henry Posner, Pacific Certified 
Electric Co., 5272 E. Valley Blvd., 
Los Angeles, California 90032 (213) 

225-6191. 

R422, $1000. William H. Greenbaum, 
Unilux, Inc., 48-20 70th Street, Wood- 
side, New York 1 1377. 

520, $1850. Jerry Childs, Datatron, Inc., 
1562 Reynolds Avenue, Santa Ana, Cali- 
fornia. (714) 540-9330. 

535A, CA Plug-In, $950. Bob Duke, 
13526 Pyramid Drive, Dallas, Texas 
75234. (214) 241-2888. 

RM15, $600. RM45, $900. Z Plug-Ins 
$275 each. Stuart Ex, 14827 Cohasset 
Street, Van Nuys, California 91405, 
(213) 786-7672 or (213) 873-7672. 

519, C-27, 202-1 Mod 52. All $4500. 
Bill Hall, KMS Technology Center, 7810 
Burnet Avenue, Van Nuys, California 
91405. (213) 787-7300. 

5 HAD, $350. Dr. Robert Howson, Bell 
Telephone Laboratories, Room lE-315, 
Holmdel, New Jersey 07733. (201) 949- 
5503. 

80 with probes, 53/54B, T Time Base, 
535. Joe McCauley, P.O. Box 118, Car- 
michael, California 95608. (916) 635- 

1773. 

519, $3200. Ed Snyder, Science Acces- 
sories Corporation, 65 Station Street, 
Southport, Connecticut. (203) 255-1526. 

1 22, $45. Mr. A. Wolff, Caltronic 

Laboratory, P.O. Box 36356, Los An- 
geles, California 90036. 



323, $950. R. FI. Ellis, Ellis Automotive 
Electrics Co., 7 Century St., Hamilton 
21, Ontario, Canada. 

555, 21 A, 22 A, M, CA, $2400. Ken 
Buddin, Optical Scanning Corp., New- 
town, Pa. (215) 968-4611. 

RM535A, 127 Power Supply, O, Q, E, Z, 
M Plug-Ins. RM567, 6R1A, 3A2, 3B2. 
Cl 2 w/Graflok & Polaroid. Peter M. 
Guida, 525 East 68th Street, New York, 
N.Y. 10021. 

127, 132, 123, H, L, D, G, B, 160A, 
P, TU-2. Ken Huff, Bryant Computer 
Products Division Ex-Cell-O Corp., 850 
Ladd Road, Walled Lake, Michigan 
48088. (313) 624-4571. 

531, $400. Dennis Kraft, 7522 Tampa, 
Reseda, California 91335. (213) 881- 
1551. 

130, $200. Robert H. Becker, Becker 
Electronics, Inc., 144 Westside Ave., 
Freeport, New York 11520. (516) FR 

8-3005 or (516) FR 8-3092. 

531A, 1A2, N, $1250. Michael Muegge, 
100 Foerster St., San Francisco, Cali- 
fornia 94112. (415) 931-8000, Ext. 522 
or (415) 585-1625. 

INSTRUMENTS WANTED 

453. Carl Frederiksen, Moline Tool 
Company, 102 20th Street, Moline, Il- 
linois 61265. (309) 764-2418. 

453. F. Jambor, 302 Easy St., Apt. 60, 
Mt. View, California 94040. 

517A Power Supply. Prefer working, 
will consider repairable unit. J. E. 
Churchill, P.O. Box 4092, Santa Fe, 
New Mexico 87501. 
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Separate instrumentation requires space, space re- 
quired by separate digital multimeter, separate 
counter, separate oscilloscope. Now the 7000 Series 
combines three, basic instrument functions in one 
system — saving space, without sacrificing perfor- 
mance. The Integrated Test System, a new and 
unique concept from Tektronix, has been created. 
Created by the addition of the plug-in 7D13 Digital 
Multimeter and the plug-in 7D14 Digital Counter to 
the 15 Oscilloscope Plug-Ins already available. 

MEASURES: VOLTAGE • CURRENT • PERIOD 
FREQUENCY • RESISTANCE • TEMPERATURE 









mode/range 



resistance 



CURRENT 



VOLTS 



•TEMPERATURE 
-55 TO +160*C 



PROBE 

1.6K.V MAX 
TO GND 






Digital Counter & Multimeter® Numerical Control ^Teknique* Service Scope 
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COVER — Two new plug-ins open the door to a world of mea- 
surements formerly outside the domain of the oscilloscope. 
The 7D14 Digital Counter plug-in directly-gated to 500 MHz 
and the 7D13 Digital Multimeter with temperature readout 
make the oscilloscope a more versatile measurement tool 
than ever before. 



Oscilloscopes in the last twenty-five years have 
advanced from relatively simple indicating de- 
vices to sophisticated measurement tools used 
in nearly every segment of our society. How- 
ever, the basic function of displaying wave- 
forms for time and amplitude measurement has 
remained relatively unchanged. 

Now, for the first time, the oscilloscope can 
measure voltage, current, resistance, tempera- 
ture, and frequency, all digitally. 



With the introduction of the 7D13 Digital Multimeter and the 
7D14 Digital Counter plug-ins for the Tektronix 7000 Series, 
the oscilloscope assumes an entirely new role in the field of 
measurement. 

Counters and digital multimeters are rapidly becoming neces- 
sities on the engineer’s workbench. Integration of these ca- 
pabilities into the oscilloscope provides an ideal answer to 
the space problem and, more important, offers many ca- 
pabilities not available in stand-alone instruments. 



© 1970, Tektronix, Inc. All Rights Reserved. Printed in U.S.A. 
U.S.A. and Foreign Tektronix products covered by U.S. and Foreign Patents and/or Patents Pending. 





Hiro Mofiyasu, Manager of Advanced Concept Development 
and Neil_ Hobin, Project Engineer with primary responsibilitv 
for the /D13 and 7D14 discuss operation of the 7DU Diaitai 
Counter plug-in. 



What are some of the advantages of marrying the digital 
counter, digital multimeter, and oscilloscojoe? Most obvious, 
of course, are savings in space and cost. For example, a 150 
MHz oscilloscope complete with digital counter and digital 
multimeter use only 7’’ of rack height. A significant break- 
through for users where space is at a premium. 

To you who record data on photos for your engineering hand- 
book, another advantage readily apparent is the ability to 
display and photograph amplitude, time, frequency, tempera- 
ture, and the wave shape all at the same time. 




A 160 MHz oscilloscope, 500 MHz counter, and a digital 
multimeter, ail in only 7"' of ramk space. 




500 MHz direct-gated caoabiiiiy of the 7D14 is dramatically 
illustrated in this photo showing counting of a high-speed 
double pulse with a 20 kHz rep rate; a difficult, if not impos- 
sible measurement to make v/iih most counters. 



Signal conditioning is a must for many applications, and the 
wide range of vertical amplifier plug-ins available for the 
7000 Series make excellent signal conditioners for the counter. 
With the 7D14 in either of the horizontal compartments, a 
signal connected to a vertical plug-in can be internally routed 
to the counter by the trigger source switches. In addition to 
conditioning the signal, this mode of operation lets you view 
the .signal while counting, with minimum loading of the cir- 
cuit under test. 



MimmUM CIRCUIT LOADIMG 

Circuit loading is given special attention in the 7D14. The 
wide frequency range of DC to 500 MHz, all directly-gated, 
calls for something other than just the 50-ohm input nor- 
mally found on high-frequency counters. The 7D14 provides 
both 50-ohm and 1 -megohm input impedances, and either 
may be AC or DC coupled. In addition, by using the vertical 
plug-ins as conditioners, the 7D14 Counter enjoys the same 
freedom from loading youVe come to expect in oscilloscopes. 
The wide range of Tektronix probes, from FET's with high 
resistance and low capacitance to current probes with prac- 
tically zero circuit loading, can be used to acquire the signal. 
Many of the probes can be used directly on the counter if 
attenuation of the signal can be tolerated. This leads us to 
another advantage of the counter/scope combination. 

COONTIMG LOW-LEVEL SIGNALS 

Low-level signals are not among “the counted” for most 
counters today. The 100 mV P-P (35 mV RMS) sensitivity 
of the 7D14 is better than that of most counters. Ilowever, 
even signals in the microvolt region can readily be counted 
using the vertical plug-ins as conditioners. Pictured below is a 
400 jxV, 1 A4Hz signal being counted after conditioning by the 
7A22 Differential Amplifier. 

Low-level, high-frequency measurements beyond 150 MHz 
can easily be made using the 7A11 or 7AI6 wideband plug-in 
amplifiers for conditioning. The photo showing a 3 mV, 100 
MFIz signal being counted, illustrates this unu-sual capability. 




Signal conditioning using vertical amplifier plug-ins greatly 
expands the range of signals that can be counted. Top, a 
400 uV, 1 MHz signal is counted using the 7/a 2 2 Differentiai 
Amplifier for conditioning. Bottom, 3 rnV, 100 MHz signal is 
counted after conditioning by the 7A13 Differential Com- 
parator Amplifier, 
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One of the most difficult problems encountered when using 
conventional counters has been in determining just what the 
counter is counting. Noise peaks may trigger the counter or 
variations in signal level may cause an event to be missed. 
The 7D14 ends that uncertainty. Now we can see the same 
“shaped” input signal that the counter section actually sees. 

The input signal passes through conditioning circuits in the 
7D14. One of these is a Schmitt trigger which serves to re- 
ject noise and shape the input signal to the counter. The out- 
put of the Schmitt is a rectangular wave and drives the 
counter circuits. This makes it an ideal waveform to display 
on the CRT along with the input signal. With the 7D14 in 
a vertical plug-in compartment, we can view the Schmitt out- 
put. It can be displayed as a separate signal or “added” to 
the input signal to show precisely the portion being counted. 




The value of the 7D14 trigger indicator when counting con 
pi ex waveforms is apparent in these photos. The only chanc 
between the too and bottom photo was a slight adjustniei 
of the counter's trigger level control. 



EXTERNALLY^GATED MEASUREMENTS 

Externally-gated measurements usually entail a lot of guess- 
work, especially when the signal to be counted is a burst. 
Using the 7D14 with delaying sweep plug-ins such as the 
7B70/7B71 greatly simplifies these measurements. 

The 7D14 is located in one of the vertical plug-in compart- 
ments and the sweeps are operated in the delaying time base 
mode. The signal to be measured is displayed with A time 
base while B time base intensifies the trace and provides the 
counter gate. We can set B gate (or delayed gate) to the 



desired width and position it anywhere along the displayed 
sweep. Thus, we can gate the counter for any portion of the 
display we choose. 

Gating the counter with an external gate that coincides with 
the intensified portion of the trace offers many mea.su remen t 
possibilities. For example, measuring the duration of a ramp, 
time interval, counting events in a burst and the frequency 
in a burst are but a few of the measurements you can make 
using this technique. 

COUNTING EVENTS IM BURST 

To count the number of events in a burst, feed the burst 
signal into the counter Channel A input. Gate the counter 
externally with the delayed gate output from the scope and 
set the intensified portion of the sweep to bracket the burst 
to be counted. The counter readout displays the number of 
events occurring in the burst. Moving the intensified portion 
back and forth with the Delay Time Multiplier while observ- 
ing that the counter readout remains steady will verify that 
all of the events in the burst are counted. This is particularly 
important when measuring bursts of 10 jis or shorter duration. 

COUNTING FREQUEMCY IN BURST 

To count an unknown frequency in a burst, the setup is the 
same as above only the intensified portion is jnade shorter 
than burst width and positioned within the burst. The counter 
readout is noted. The width of the external gate, which cor- 
responds to the intensified portion, is then measured by one of 
two methods. 

The most accurate method is signal substitution. The burst 
signal is removed and a known reference frequency connected 
to the signal input. The counter readout is again noted. Ex- 
ternal gate duration is calculated by multiplying the number 
of reference frequency cycles counted, times the period of the 
reference frequency (Gate Width = Nrof x period). The 
burst frequency is then easily determined by dividing the 
number of burst cycles counted, by the gate width 

Nburst 

^ Gate Width 

The second method, though not as accurate, is somewhat 
simpler since it requires no external reference frequency. The 
external gate width is simply measured using the scope time 
base. Once the external gate width is measured, the fre- 
quency in the burst is calculated as before. The number of 
burst cycles counted is divided by the gate width 

Nburst 

G^e Width 

FREQUENCY COMPARISON 

Frequency comparisons are commonly made by alternately 
feeding the two signals into the counter and noting the dif- 
ference between the two readings. These measurements are 
made more quickly and accurately with the 7D14 using a 
dual-trace or differential plug-in to switch rapidly between 
the two .signals. The 7A12, 7A13, and 7A22 are ideal for this 
application. 
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COIJMTER READOUT 

The 7D14 provides 8-digit readout on the CRT with leading 
zeros suppressed, that is, zeros leading the first major digit 
are not displayed. Accuracy of the counter is parts in 10". 
Why then 8-digit readout? There are a number of reasons: 
first, provision is made to drive the 7D14 with an external 
reference oscillator of greater accuracy and stability. This 
could easily yield measurement accuracy to the eighth place. 
Second, resolution; some measurements are best made using 
comparison techniques. Frequency difference is then of more 
importance than absolute frequency. The more resolution 
you have, the closer the two frequencies can be compared. 
Third, the 7D14 can be manually or externally gated for 
“totalizing” measurements. The 8-digit readout makes pos- 
sible totalizing counts from 0 to 10^. 

7D13 DIGITAL MULTI METER 

Thus far we have discussed primarily the 7D14 Digital 
Counter. Now, let’s take a look at the 7D13 plug-in Digital 
Multimeter. 

The 7D13 brings several new measurement capabilities to the 
oscilloscope. We’re accustomed to taking AC waveform mea- 
surements from the CRT, but seldom do we take DC mea- 
surements from it. Perhaps we forget the oscilloscope has 
that capability. More likely, we need better resolution than 
an oscilloscope trace provides, or we find a meter easier to 
read. 

The 7D13 brings improved resolution and accuracy to oscillo- 
scope measurements, plus the convenience of digital readout. 
In addition to measuring DC voltage, the 7D13 measures 
DC current, resistance, and temperature. The temperature 
mode is new to the digital multimeter field and brings a 
much-needed tool to the engineer’s fingertips. 

the TEilPERATURE SEMSOR PROBE 

The heart of the temperature sensor probe is an ordinary 
silicon npn transistor mounted in the tip of the probe. It is 
a characteristic of solid-state devices that the voltage across 
a forward-biased p-n junction is temperature dependent. It 
is this voltage that we use to measure temperature. There are, 
however, drawbacks to measuring the junction voltage (Vb<,) 
directly. Vi,c is not a perfectly linear function of tempera- 
ture and varies from one device to another. This presents 
problems in measurement accuracy and, more important, in 
providing replacement sensors. 

There is a solution to these problems. If, instead of using a 
constant collector current, the current is varied between a 
fairly high value, Id, and a fairly low value, Ls, with re- 
sultant base voltages, Vbd and Vbc 2 , we find that the base- 
voltage excursion (A Vbo) has much-improved linearity and 
is proportional to absolute temperature. 

The relationship between collector current, base-emitter volt- 
age, and temperature is shown by the equation: 

kT Id 

A Vbc = Vbd — Vbo2 = In — — 

q lc 2 



where k is Boltzmann’s constant, q is the electron charge and 
T is temperature. Differentiation of this voltage excursion, 
A Vbc, gives its temperature coefficient: 




Vbo) 



k 

q 



In 



Id 



Using the switched -col lector technique and measuring A Vbo 
as the indicator of temperature change, we achieve improved 
linearity in temperature measurements and ease of inter- 
changeability of the transducer transistor or probe tip. 



Pictured is the basic circuit used in achieving the change in 
base-emitter voltage for a given change in collector current. 
The sensor transistor is connected in the feedback loop of 
an operational amplifier with the collector at the input, emit- 
ter connected to the output, and the base grounded. For a 
given current input, the output of the operational amplifier 
forward biases the emitter-base junction of the transistor to 
the level necessary to maintain the input collector current. 

The ratio of the two levels of collector current is set at about 
100:1, giving the base-emitter voltage a sensitivity to tem- 
perature of slightly less than 0.4 mV/°C. 




Simplified circuit for achieving improved linearity by switch- 
ing collector current and measuring as indicator of 

temperature change. 



elevated input capability 

Another valuable feature of the 7D13 is the ability to float 
the input circuit up to 1 .5 kV above chassis ground. This 
gives us considerable flexibility in measuring parameters that 
have a high comm on -mode voltage. The temperature probe 
shares this capability and can take temperatures of compon- 
ents elevated to 1.5 kV. 



5 





NUMERICAL CONTROL 
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Errors are inevitable in part programming. With Tek- 
tronix Machirie Control errors are quickly detected by 
previewing too! path on a storage CRT (left) instead 
of cutting the machined part (right). 



By Gary Neher and Art Andersen 

Tektronix products include numerous parts requiring high- 
quality machining. There are too many of each part for eco- 
nomical, manual operation of machine tools, yet the numbers 
are fewer than that required for the intensive degree of auto- 
mation found in the automobile or other high volume in- 
dustries. The medium volume of each part to l^e produced 
means Tektronix is a heavy u.ser of numerical control, be- 
cause it is in the medium -volume production of parts where 
numerical control excels. 

Numerical control (NC) is simply a means of directing some 
or all of the functions of a machine automatically from 
numerical instructions. These numerical instructions are in- 
troduced to the machine by some form of stored input medi- 
um such as a punched or magnetized tape. The machine 
control unit (MCU) interprets these instructions and directs 
the machine through the required operations with a combina- 
tion of speed, accuracy and consistency that cannot be equal- 
led by human operators. Although the machine tool industry 
is the most conspicuous use area of NC, any mechanism re- 
quiring controlled motion is a candidate for numerical con- 
trol. 

In our production areas we use substantial numbers of numer- 
ically controlled machine tools. These NC units are a cross 
section of the high quality products of a number of well- 
known companies. We were pleased with these products, but, 
since numerical control is not a static field, it was felt that 



we could contribute improvements. These improvements are 
incorporated in the Tektronix 1701 two -ax is and 1702 three- 
axis Machine Control Units. 

CONTOURINCS AMD POINT-TO-POIMT 

There are two basic types of machine tool control. The sim- 
plest is point-to-point in which the tool or part is directed 
to a position and a machine operation such as drilling or 
punching is performed. The path to that point is of conse- 
quence only in terms of time required for movement or ob- 
stacles that may exist along that path. Positioning control 
is another term for point-to-point control. 

A more sophisticated NC concept is continuous- path or con- 
touring control. The continuous-path MCU precisely com- 
mands tool path in multiple axes and receives confirmation 
of actual path through feedback. Contouring control is nor- 
mally used in milling operations ^\^hen cutting is simultaneous 
with movement. When feedback is used in an NC system, 
it is called a closed -loop system. Closed- loop requires a com- 
mand signal from the MCU to the machine and feedback to 
the control from position transducers on the machine. In 
an open-loop system, no feedback exists. Most open-loop 
systems depend on precision stepping motors to maintain 
positioning accuracy. Open-loop systems usually sacrifice fast 
feedrate and accuracy. 

The Tektronix 1701 two-axis and the 1702 three-axis MCU’s 
are closed-loop, contouring units that are also useful for posi- 
tioning control. 
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Contouring systems generally use incremental dimensioning, 
a technique that references each new command to the last 
position on the work piece. Absolute dimensioning refer- 
ences all positions to one common zero-reference point. All 
dimensions are in one quadrant, eliminating negative com- 
mands. Absolute dimensioning is usually found on point-to- 
point systems. It has the following advantages: 

1. Part programming is directly related to the dimensions 
of a part drawing. 

2. Part program additions or deletions can easily be made. 

3. Starting in the middle of a part program is much simpler. 

The 1701 and 1702 combine the features of the positioning 
and contouring control. The ab-solute dimensioning of the 
positioning control is combined with some of the interpola- 
tion techniques of the contouring control, offering a control 
which is adaptable to either positioning or contouring ap- 
plications. Full floating-zero is a standard feature in Tek- 
tronix NC that allows the zero-reference point to be estab- 
lished manually at any position over the full travel of the 
machine. 

There are two types of tape coding recognized by the numeri- 
cal control industry. The standard for the industry is a code 
with vv^hich most of us are familiar, ASCII. Plowever, pre- 
vious to the development and widespread use of ASCII, the 
numerical control industry had its own standard, the EIA 
code. The EIA code seems to be more popular in the U.S.; 
ASCII is generally finding acceptance in the European mar- 
ket. The 1701 and 1702 can accept either code by simply 
changing a circuit card. 



AUXILIARY FUNCTIOMS 

The purpose of a machine control unit is not merely to con- 
trol a position or move. The control must also decode from 
tape and indicate to the machine tool miscellaneous and pre- 
paratory functions to be performed. 

Tektronix machine control units have a standard feature, 
the ability to command the machine tool to perform up to 
80 miscellaneous functions. Some examples of mi.scellaneous 
functions are: 

1. Control of the insertion and retraction of cutting tool, 
punch, or drill on a 2 -ax is control. 

2. Turning the coolant on or off for a cutting tool or drill. 

3. Po.sitioning a turret and selecting a tool. 

During a part program it may be desirable to change the 
mode of operation of the numerical control via preparatory 
functions. Some examples of preparatory functions are: 

1. Selecting linear or circular interpolation on a contour- 
ing control. 

2. Inhibiting the deceleration function of the control. 

TEKTRONIX MC 

Tektronix has entered the NC field with tw'o and three-axis, 
closed-loop contouring machine control units. These ma- 
chine control units (MCU) are a direct result of the influ- 
ence of our own extensive machine-tool user experience 
(from programming to machining) combined with estab- 
lished product design skills. Tektronix MCU’s offer the ma- 
chine-tool user and the machine-tool manufacturer the new 
program-tape-verification option, along with easier mainte- 
nance through functional layout and many features not found 
in other units in its price range. 
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POSITION FEEDBACK 



Closed-loop contouring name real control of a machine tool requires these elements for two 
axis machining. 
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PART pmGnmmmG 

As the application of numerical control has increased, there 
has been, naturally, a proportional increase in the need for 
methods to provide the necessary instruction coding for ef- 
ficient operation of the machines. This instruction coding 
lies under the broad classification of part programming. 

Part programming is defined as the technique used to pro- 
vide all the data, in some coded form, to instruct the machine 
tool, through a numerical control unit. The MCU controls 
coordinate-motions, plus all of the auxiliary functions such as 
the spindle rotation speed and the table traverse feed neces- 
sary to produce the desired work-piece. The part program- 
ming technique may be as straightforward as manual coding 
each separate instruction in the MCU or as sophisticated as 
using a computer language, such as APT, and a large com- 
puter. A sophisticated program might define all the geo- 
metric elements of a part along with inputs to control five 
simultaneous axes of motion such as required to produce the 
complex impeller wheel for a gas turbine. 

A strip of one-inch wide, eight-channel punched tape is the 
typical medium of part programming. This punched tape pro- 
grams the machine control unit. After programming and tape 
punching, a very significant problem becomes apparent. How 
do you verify that the punched tape does, in fact, have the 
correct data to produce the desired part? 

In other words, how do you check for programming errors? 
One of the least desirable, but most direct ways of checking, 
is to try to produce a first part on the machine from the 
untried tape. A second, and more tedious method, is to dou- 
ble check each entry on a printout of the tape against the 



original part program source {the part drawing). A better 
approach is to use some plotting device to graphically display 
tool paths programmed by the tape. 

The plotting device that proved to be best-suited for fast tape 
verification was the Tektronix 611 Storage Display Unit, The 
611 had been proven to be an excellent plotter of computer- 
generated graphics. It could follow the tape-reader speed of 
300 characters per second, therefore, a part program could 
be plotted in seconds, rather than minutes. 

Unique to the 1701 and 1702 Machine Control Units is the 
built-in ability to interface with the 611 Storage Display Unit 
for previewing programmed tool path. The 611 reveals the 
programmed tool path before actual machining takes place 
and graphically reveals most programming errors. Most pro- 
gramming errors are time-wasting, gross errors, potentially 
destructive in terms of ruined workpieces, broken tools, or 
even machine damage. 

In evaluating the graphic method of tape and program veri- 
fication for Tektronix numerical controls and allied products, 
the following requirements for optional utility were reached: 

I While graphic checking during interim programming 
phases is valuable, it is highly desirable to be able to 
verify the actual tape that will be used in operation on 
the machine. 

2^ The graphic display must be produced much more 
rapidly than the machine cycle time to produce the 
part. 

2^ Permanent file copies of the display should be easily 
obtainable. 
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1 machine CONTRpL UNIT | 



A close look at the panel of the 1701 Two-Axis Machine Control Unit shows the standard 
features of sequence, command and position readout and manual data input. The 1701 Is a 
full-performance, closed-loop, contouring control cornpeiitive in price with open-loop systems. 
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4 . The coordinate and auxilary function command values 
on the tape should be easily read in decimal form. 

4 A scaling feature would be needed to enlarge or de- 
crease the plotted area on the 611 Storage Display Unit. 

For three-axis paths, the ability to view total tool path 
isometric display is needed, plus the ability to produce 
all three orthographic views. 

7^ There should not be a necessity to modify the tape com- 
mands to produce graphic display. 

Display capability should be offered at a low cost and 
be independent of a computer system. 

Using the above requirements as a guideline during the prod- 
uct development of the 1701 and 1702 Machine Control 
Units, the application of the 611 Storage Display Unit and 
4601 Hard Copy Printer resulted in a system which not only 
meets those requirements, but also provides additional bene- 
fits for system maintenance and machine tool monitoring. 
This system offers: 

I On-site tape verification. The actual part-program tape 
is checked on the same control and same machine on 
which the part is to be produced. 

9^ Rapid display. The display is generated at the maxi- 
mum read rate of the tape reader (300 characters per 
second). 

3 Hard-copy capability. With the 4601, permanent copies 
can be produced in 18 seconds. 

4 A plot scaling feature from twice size, full size, 1/2, 
1/4, 1/8, and 1/16 part size. 

7 Isometric and orthographic path display for the 1702 
three-axis control. 

(4 Low cost. Since graphic-display interface is built into 
the controls, the user needs only the 611 for tape veri- 
fication and the 4601 (if permanent, hard copies are 
desired). 

Graphic tool path verification capability is a unique feature 
of Tektronix 1701 and 1702 Machine Control Units. The con- 
trols use standard El A or ASCII word address tape format, 
absolute dimensioning, programmable feedrates, sequence 
number display, command and position display to six de- 
cades and manual data input capability. The controls pro- 
vide command of axis movements up to 99.9999 inches in 
each axis with 0.0001 inch resolution. Both the 1701 and 1702 
are closed-loop controls capable of driving either electric or 
hydraulic servo systems. 

To use the Tektronix system of tool path verification, the 
programmer or operator connects the 611 (and 4601, if hard 
copies are desired) to the output connectors provided on the 
control. He then loads the program tape to be checked into 
the MCU, selects the scale size to be used, and depresses the 
“CRT DISPLAY” button and the “CYCLE START” button. 
The machine control unit will then read the tape at 300 char- 
acters per second and produce a plot of the total motion of 




4 7/07 Tw o-Axis Ma ch I ne Co n fro I Un i t m o unted g n a v e r ti c a / 
milling machine. 



the tool as coded on the tape. The display will show a line 
plot of all the milling paths, plus centerline marks for hole 
locations and termination points of non-cutting moves. On 
the 1702, for three-axis displays, the operator can select one 
of the three (X-Y, Y-Z, X-Z) orthographic views, or he can 
select the isometric mode to see the total cutting path in one 
view. 

These views, plotted on the 611, are used to check the tool 
path for general part configuration and for common errors, 
which are easily identified on such a plot. For more precise 
verification of certain areas of the tool path, the user may use 
a larger scale factor to get more detail. The user can step the 
display through one command at a time, and use the six- 
decade Data Display on the MCU front panel to show the 
actual dimension programmed on tape. This same Data Dis- 
play can be used to verify the feedrate and auxiliary functions 
programmed in each block of tape. Once the tape is verified 
the 4601, if used, can be activated to produce permanent cop- 
ies of the plot shown on the 611. 

After verification is performed, the 611 can be disconnected 
for use at other machine tools and the MCU returned to ma- 
chine control. If the 611 remains connected to the system, an 
additional “over-plot” is produced while the machine is in 
operation. With this over-plotting feature, a trace of actual 
tool path while machining is shown on the 611 Display Unit. 
This feature allows the operator to verify that the machine 
tool is actually traveling along the path directed by the tape 
commands plotted previously during tape verification. Dur- 
ing corrective maintenance of the numerical control system, 
another benefit occurs from the control-to-storage tube inter- 
face. When using the “CRT DISPLAY” mode with a 611 
Display Unit, if the tool path plot is correct, the maintenance 
technician knows the problem is probably in the machine tool. 
If the plot is incorrect, the trouble is probably in the MCU. 
Thus, troubleshooting time is greatly reduced and expensive 
down time is kept at a minimum by means of this graphic 
tool. 
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By Carl Battjes 

Manager in Portable & Low Frequency Instruments 

Adjusting wideband amplifiers for maximum bandwidth con- 
sistent with minimum aberrations can be a difficultj time- 
consuming task. Use of short pulse techniques makes the 
chore much easier. 

This technique uses short and long duration pulse inputs 
of equal amplitude to measure bandwidth and risetime. If 
we drive an amplifier with equal amplitude pulses, one 
whose pulse duration “W” equals the amplifier risetime, the 
other of relatively long duration, the output pulse ampli- 
tudes will bear a definite relationship. That is, the short 
pulse height “H” will be 0.8 that of the long duration pulse. 
If amplifier risetime is faster than the short pulse duration, 
amplitude “H” will be greater than 0.8, if slower, less than 
0.8. Using these values of ‘‘H”, we can determine band- 
width and risetime. The chart at the right shows the units 
of risetime for various values of “IT’. 




Equal amplitude input pulses, one whose pulse width equals 
amplifier riseiime, the other of relatively long duration, 
produce pulse outputs having a predictable relationship. 



Once risetime has been determined, bandwidth is calculated 
by use of the familiar formula “bandwidth in Hz x risetime 
in sec = 0.35”. For amplifiers exhibiting preshoot and/or 
overshoot, the actual bandwidth will exceed the calculated 
bandwidth. This is due to the variation in the bandwidth- 
risetime product of different responses. Tektronix vertical 



td Handris, Factory Service lechnician, adjusts 7A16 using 
short pulse technique. 

amplifiers typically have bandwidth-risetime products of 
0.35 to 0.36. 

The relationship between short and long duration pulses 
holds for a variety of amplifier responses, the main source of 
error being lack of equality in the 10% and 90% slopes. 
This lack of equality is not of consequence for wide-band- 
width amplifiers since such amplifiers tend to have a high 
degree of symmetry. The chart shows the value of “H” for 
several responses and the percentage of errors in risetime 
and bandwidth associated with each response. The first five 
curves show the effect of symmetry on risetime determina- 
tion accuracy. If an amplifier has many stages, the response 
has more poles and the step response more symmetry. 




Graph shovring relationship of rise time to short pulse height 
"‘hh’ for two different responses. Values of ‘'H” should be 
0.7 to 0.9 for best accuracy. 







The photo at the left shows the setup for adjusting the 7A16 
Amplifier using the short pulse technique. The signal source 
is a Tektronix Type 109 Pulse Generator which generates 
alternate pulses of independent length. A Type 113 Delay 
Cable provides the long duration pulse and the 2.4 ns charge 
line the short duration pulse. Cutting the 2.4 ns charge line 
to proper length is accomplished using a 568/230 Sampling 
System. The 5~ns, 50-^^ cables supplied as accessories for the 
109 are a convenient source of charge lines since both ends 
have GR connectors. Output of the 109 is terminated in 
50 ^ at the 7A16 input. 

The amplifier is adjusted for minimum abei'rations on the 
long duration pulse while observing the amplitude of the 
short pulse. An amplitude of 0.8 or greater assures the ampli- 
fier will meet bandwidth and risetime specs. You will notice 
that some adjustments have relatively little effect on the aber- 
rations while changing the short pulse height appreciably. 
These adjustments should be set for maximum short pulse 
height consistent with minimum long pulse aberrations. 

Short pulse techniques are also useful in checking the band- 
width of the amplifier system on higher attenuator settings. 
Constant amplitude signal generators available today lack 
adequate output voltage for making measurements above 
1 V/div. 

Using the short pulse technique not only simplifies compen- 
sation of the vertical amplifier and checking bandwidth of 
attenuators, but also yields better resolution for measuring 
the risetime of the entire vertical amplifier system. 




Top photo shows dual pulse waveform displayed while- 
ad justing amplifier for minimum aberrations using the 
short pulse technique. Bottom photo is the same dis- 
play expanded ten times and shows correlation of 
risetirne and short pulse height. 
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SERVICE SCOPE 



TROUBLESHOOTING TEKTRONIX HIGH FREQUENCY SPECTRUM ANALYZERS 



By Darrell Brink 

Product Service Technician, Factory Service Center 

Familiarity with the function of one Tektronix Swept IF 
Spectrum Analyzer is familiarity with all. All use similar 
tunable RF oscillators and swept IF systems. The user sees 
an operational difference in the range covered by the RF 
center frecpiency control. The service technician will see 
a difference in configuration (plug-in form or a complete, 
self-contained unit) plus differences in RF oscillator 
circuitry. 

The “honeycomb”, containing most of the sweeper and IF 
circuitry, is a conspicuous feature. This method of construc- 
tion provides excellent shielding between stages and simpli- 
fies troubleshooting since it can be replaced to isolate a prob- 
lem. 

A certain amount of troubleshooting can be done using a 
minimum of equipment. The noise generated internally by 
the analyzer and the 1 MHz markers available at the phase- 
lock jack on the front panel can be used as signal sources. 
However, a test oscilloscope, a time- mark generator such as 
Tek’s 184 or new 2901 and a signal generator capable of 
200 MHz with variable attenuation will help considerably. 



Higher frequency generators will be required if sensitivity or 
dial tracking is to be checked. 

As with oscilloscopes, analyzer problems can often be isolated 
to a particular section by observing the pattern on the CRT. 
To insure seeing any signals or noise that may be present, it’s 
usually best to start troubleshooting with the front panel con- 
trols set for wide dispersion, maximum gain, and minimum 
IF attenuation. With plug-in analyzers, be sure the oscillo- 
scope SAWTOOTFI OUT is connected to the analyzer 
SWEEP INPUT — this is often overlooked by the operator. 
The time ba.se should be set to “free run” at 5 ms/div or 
slower. A note of caution is in order before applying a sig- 
nal to the analyzer RF input. Care should be taken not to 
exceed the maximum power limits of the input. For linear 
operation no greater than — 30 dBm should be applied. Sig- 
nals greater than 4-15 dBm may damage the unit. See 
chart below. 

The most common problems encountered in these analyzers 
are defective mixers and oscillators. Let’s take a look at these 
and other areas that may cause difficulty. 
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RF oscillator operation can be checked by applying a known 
signal to the analyzer and tuning the oscillator to it, or by 
turning on the PHASE LOCK and checking for beat notes as 
the oscillator is tuned through its range. Assuming that the 
phase lock is w^orking, beat notes should be seen across the 
entire oscillator range as sho\sn below. An RF oscillator 
failure will usually result in the loss of beat notes and signal 
across all or part of the bands. 




Typical display showing presence of phase lock beats, as 
the RF center frequency controi is rotated. 



The 1L20 and 491 utilize more than one RF oscillator to 
cover their respective range. If you suspect oscillator pro- 
blems, switch to a range wLich uses a different oscillator. If 
the problem still exists, the difficulty probably is elsewhere 
in the analyzer. 

An open oscillator filament in early vintage plug-in analyzers 
will remove the -j- 75 volts feeding the 10 volt power sup- 
plies, causing them to be very low. In this case, a dead oscil- 
lator causes other symptoms such as complete loss of gain 
and possibly horizontal or vertical positioning problems. Later 
model lL20’s (above s/n 1150) have zener diodes across the 
filaments to prolong their life. These diodes also prevent the 
10 volt supplies from dropping due to an open filament. 

Another type of RF oscillator failure, particularly in the 
band C oscillator in the 491, is a phenomenon known as 
^^squeggmg^T Squegging occurs when' the oscillator breaks in- 
to another mode of oscillation and extra sidebands appear or 
the main signal ‘‘breaks up”. A low-frequency sinewave 
several volts in amplitude, e.g., 30 kHz and 10 volts peak-to- 
peak will appear on the band C oscillator B + lead (orange 
wire). 

Squegging generally will not occur throughout the band, but 
only at one or two points. Phase lock beat notes will usually 
appear distorted and very noisy when squegging occurs. The 
only cure is to replace the oscillator. Should this be necessary, 
and if you are not properly equipped to do a total realign- 
ment of the RF section, we recommend the complete RF as- 
sembly or the complete unit be returned to Tektronix for 
repair. 



Excessive power inadvertently applied to the analyzer input 
causes most mixer failures. The presentation on the screen 
will depend somewhat on the band being view'ed. For example, 
if the mixer fails in band B of the 1L20 or 491, you may .see 
a signal on screen (shorted or open diodes still pass signals), 
however, sensitivity will be dowm. Varying the mixer peaking 
knob will have little or no effect on the signal amplitude, and 
noise amplitude or “grass” will appear normal. 

Mixer diode failure in band A of these units typically results 
in large, spurious signals appearing on screen at about 
37.5 MHz, and they cannot be tuned out with the internal 
mixer adjustments. The mixer peaking control has no effect, 
as it is out of the circuit when band A is selected. 

Mixer diode failure is best confirmed by replacement of the 
diode. The usual practice of checking diodes with an ohm- 
meter should not be used, as the current supplied by the 
ohm meter may damage the device. Care should also be ex- 
ercised when replacing the diodes. If soldered in, be sure to 
“heat sink” them with pliers to prevent damage. 

To replace the mixer diode in band B of the 1L20/491 or in 
the 1L30, remove the mixer from the instrument and care- 
fully unscrew the barrel from the body using a wrench and a 
vise. Then remove the diode with a pair of pliers. When in- 
stalling the new diode, be careful not to break the fingers 
on the contacts in the mixer. Often it requires some force to 
push the diode into the contact. 




(A) Band A mixer assembly. Replace diodes with a matched 
pair. 




(B) Band B mixer assembly. Unscrew the 1 dB pad to re- 
place diode. 



Mixer assemblies for bands A and B of the 1L20. 





IF SECTION 

Although not as common as “front end” problems, the IF sec- 
tion sometimes causes trouble. 

Loss of gain can generally be traced to the IF system. When 
the gain is turned up and little or no noise is seen on screen, 
the trouble can be in either the honeycomb or the output 
stages. The output of the honeycomb can be checked with 
an oscilloscope for noise of about 1 volt peak-to-peak when 
the GAIN control is fully clockwise. Absence of noise could 
mean the 70 MHz crystal oscillator in the narrow band IF 
section of the honeycomb has quit. If that is the case, 
a slight adjustment of the oscillator coil, L444, should cause 
the noise to suddenly appear. A defective transistor in the 
wide band amplifier, narrow band amplifier, or resolution sec- 
tions of the honeycomb will cause a loss of noise also. 

Sufficient noise out of the honeycomb, but none on screen 
in a plug-in analyzer, could mean a defective recorder out- 
put transistor Q650, output amplifier V620, or detector 
diodes D660 and D661. In a 491, check amplifiers Q620, 
Q630, Q631, and the detector diodes D640 and D641. A 
failure of Q640 or Q641 will usually shift the trace off screen. 

When noise is present on screen but no signal, most likely the 
sweeper is not running or the signal is being lost prior to the 
honeycomb. A quick way to check sweeper operation is to 
look at the waveform on pin M of the square pin connector 
strip of the honeycomb. The signal should appear as a large 
nonlinear sawtooth. Your manual shows the typical wave- 




0 Lit put of “honeycomb’' can be checked on pin B of the 
square pin connector. Other key test points are on this 
same connector. 



form. Normal sweeper operation at this point would indicate 
that the signal is being lost in the mixer, filters, or cables 
between the analyzer input and the wide band mixer transis- 
tor, Q140. 

When working in these circuits, you will find a BNC-to-Sea- 
iectro adapter cable very useful as you can insert a 200 MHz 
signal from a generator at any point up to the input of the 
honeycomb to help isolate the trouble. Generally, mixers 
will have a loss of 15 to 20 dB; filters, cables and switches, 
virtually no loss. 

If the sweeper is defective, the analyzer display may appear 
as either no signal, extreme nonlinearity of frequency markers, 
or a short sweep. The waveform observed on pin M may be 
a badly distorted sawtooth, a squarewave, or just a DC volt- 
age, depending upon the problem. 

Since the sweeper has two feedback loops, troubleshooting 
can be difficult. However, there are several checks that can 
be made to isolate the trouble. Set the dispersion range switch 
to kHz and see if normal operation can be obtained. This 
eliminates the MHz discriminator diodes. If the symptoms are 
still present, return the range switch to MHz and check the 
DC voltage on pin P of the honeycomb. It should be adjust- 
able to about — 0.8 V DC with the IF CF (amplitude com- 
parator) range pot (R290) if the amplitude regulating loop 
is operating. If it cannot be adjusted, continue on to the 
next check as something else may be causing the loop to lock 
up. 

Next, check the DC voltage on pin M of the honeycomb. If 
it's within the range of about +14 to +55 volts, the dis- 
criminator loop is probably operating, and the trouble pro- 
bably is a defective sweeper transistor, Q310, or output ampli- 
fier, Q340-Q350. However, other active components in the 
sweeper circuitry can also be suspect. Abnormal voltage read- 
ings on pin M usually indicate a problem in the discriminator 
loop. Grounding the discriminator output (pins N and O) 
will establish a reference for checking operation of the loop. 
Checking voltages at several points around the loop should 
disclose which stage is at fault. For example, the collector 
of Q260 should go to about + 6 V under this condition. 



PHASE LOCK SECTION 

Phase lock beat notes are produced on the screen when the 
RF oscillator signal is beat against the internal 1 MHz refer- 
ence oscillator signal. If the RF oscillator is working, loss 
of the beat notes can be caused by the 1 MFIz crystal oscil- 
lator not running. Adjusting the oscillator coil, accessible 
through a hole in the phase lock chassis, may cause the oscil- 
lator to start. 

Improper avalanche adjustment can also cause loss of beat 
notes, low amplitude beat notes, or excessive noise. Check 
your manual for the proper adjustment procedure. 

The trace shifting off screen when the LOCK CHECK but- 
ton is depressed can be caused by a defective lock check 
switch, or a leaky capacitor across the switch. 
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UN GROUNDED INSTRUMENT HAZARD 

No one knowingly grabs a bare power line. Yet, many of us 
are inviting this experience by using instruments that are 
not properly grounded. There are many ways the power line 
can accidentally come in contact with the instrument frame; 
vibration wearing through the insulation where the lead 
touches the chassis, an accidental touch with the soldering- 
iron, connection to another instrument with faulty insulation. 
Whatever the reason, the danger is the same. To be safe, 
make sure the instrument is properly grounded. 

One area often overlooked is the 3-to-2 wire adapter sup- 
plied with many instruments. Its purpose is to allow the 
three-pin plug, now used on most power cords, to plug into 
the older style two-pin power outlets. Unless the ground 
lead projecting from the adapter is properly grounded, the 
mainframe of your instrument is 7iot grounded. The proper 
practice is to connect the lead from the adapter, to the 
ground screw of the two- wire outlet as shown in the photo. 
In older installations this screw may not be grounded. A 
quick check with a voltmeter between the ACTIVE output 
and the ground screw on the outlet will tell you. If the 
screw is not grounded, an alternate ground should be found 
for the adapter lead. 




Proper method of in stalling S-to-2 wire adapter. 



Some applications call for measuring voltages across com- 
ponents elevated to a hazardous potential. One approach 
has been to “float” the scope by removing the ground to 
the power system. Much safer techniques are now available 
to make most of these measurements. Your field engineer 
will be glad to help you with them. 



INSTRUMENTS FOR SALE 



564, 3B3, 3A6 with Cart, $1450. R. Ahne- 
mann, Redactron Corporation, 100 Park- 
way Drive South, Hauppauge, N. Y. 
11787. (516) 543-8700. 

541A, 53G, $750. 310, $250. Jim Wood- 
worth, Broadcast Products, Inc., 12330 
Wilkins Avenue, Rockville, Maryland 
20852. (301) 933-3400. 

113. Mr. Oberton, Ikor, Inc., N.W. In- 
dustrial Park, Burlington, Mass. 01803. 
(617) 272-4400. 

Two S-4 Sampling Heads, $500 each. 
Dynetics, Inc., Box 845, Bellevue, Wash. 
98009. 

531 A, 53/54G, $595. Dick Everson, Box 
63B, Friendsville, Penn. 18818. 

535, $450. 545, $1000. 545A, $1100. 
Liberty Electronics, Inc., 548 Broadway, 
New York, N.Y. 10012. (212) 925-6000. 

541 A, CA, $1200. Mr. Sperber. (201) 
276-3944. 

545, 53/54G, D, $1100. Bill Bradford, 
12772 Hickory Branch Rd., Santa Ana, 
California 92705. (714) 838-1218. 

561B, 3S2, 3T2, Two S2 Heads. $1750 
complete. Wilmar Electronics Leasing, 
2103 Border Avenue, Torrance, Calif. 
90501. (213) 320-6565. 

Two - R561A’s, Five - 2A60’s, Two - 
2B67’s. A1 Kutas, Dorex, 10221 Notting- 
ham, Westminster, California 29683. 
(714) 523-1566 or (714) 531-9914. 



422 with AC current Probe, $1100, Earl 
Olson, Electro-sonic Oil Tools, Inc., 2560 
Wyandotte St., Mountain View, Calif. 
94040. (415) 964-0555. 

547, $1595. Mr. W. A. Brown, Rt. 4, 
Riddles Bend, Gadsden, Alabama 35904. 
(205) 442-5449. 

535 A, CA. Gene Clark, 1722 East 7th 
St., Duluth, Minn. 55812. (218) 724- 

0307. 

3B3, Two - 2A6rs. Make offer. Dick 
Robertson, ACL, 9125 Gaither Road, 
Gaithersburg, Maryland 20760. (301) 

948-5210. 

502 A with C-27 Camera. Bids must ex- 
ceed $1000. Pete Momcilovich, Int’l.- 
United Corp., P.O. Box 88870, Seattle, 
Wash. 98188. (206) 248-1550. 

310A, $450. Hugh Neil, Jr., Special In- 
struments Laboratory, Inc., P.O. Box 
1950, Knoxville, Tennessee 37901. (615) 
525-9538. 

D54 with P6011 and P6012 Probes, $550. 
Robert Stout, 5546 Little Lake, Bellaire, 
Texas 77401. (713) 668-9803. 

545A, lAl, CA, 500/53A Scope-Mobile 
Mod 2, $1400 complete. Bob Cobler. 
(916) 273-0322. 

535, $850. 545, $950. Pat Gee, Mobil- 
scope, Inc., 17734/2 Sherman Way, 
Reseda, Calif. 91335. (213) 342-5111. 

511AD. Dean Fredericks, 1814 Johnson 
St.. N.E., Minneapolis, Minn, 55418. 
(612) 781-2583. 

B Plug-In, $100. D. C. Malatesta, 
EMCEE Electronics, Inc., P.O. Box 32, 
New Castle, Delaware 19720. 



D53A with TD51, A, G, and two probes, 
$750 complete, C. E. Price, Medatron, 
Inc., 1724 N, Main St., Dayton, Ohio 
45405. (513) 274-2053. 

561 A with 3 A3 and 2B67. Richard F. 
Flahn, 630 Fountainhead Way, Naples, 
Fla. 33940. (813) 649-2081. 

RM564, 3A72, 2A60. Jack Hattan, 

Meditron, 1981 S. Ritchey, Santa Ana, 
Calif. 92705. (714) 541-0468. 

3S2, 3T2, Two - S3’s, 3B3. Charles 
Weyble, Moore Systems Div., 1212 Bor- 
deaux Drive, Sunnyvale, Calif. 94086. 
(408) 734-4020. 

535A with CA Plug-In. Best offer over 
$900. Wayne Broyles Engineering Co., 
1403 Austin, Irving, Texas 75060. 

547, lAl, $2250. 114 Pulse Generator, 
$300. C. French, 61 Cody Lane, Los 
Altos, Calif. 94022. (415) 941-2339. 



INSTRUMENTS WANTED 



575, 576. Liberty Electronics, Inc., 548 
Broadway, New York, N.Y. 10012. (212) 
925-6000. 

530 Series Scope/1 A7A/ 160 Series/360/ 
1121. Sigmund Hoverson, Physics De- 
partment, Texas .A. & M University, Col- 
lege Station, Texas 77843. (713) 845- 

5455. 

581 A with Plug-In. Edward Withey, 
Laurel Drive, Lincoln, Mass. 01773. 
(617) 897-7647. 
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April 1970 Volume 2 Number 2 

A Dual-Beam Family 
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new modular system - ^ ^ 



Measuring the linearity of fast ramps 
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GOES PLUG-IN 




Gary Vance, Project Engineer and George Hull, Design Engineer on the 5100 Series 
discuss sweep-switching operation of the 5B12N Dual Time Base Plug-in. 
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Scale factor readout changes automatically to indicate vertical 
sensitivity at probe tip when recommended 10X probe is used. 
Similarly, sweep-rate readout changes automatically when 10X 
magnifier is turned on. 



By Jerry Shannon and Ahne Oosterhof 

In the oscilloscope field, plugdn versatility has tradi- 
tionally been limited to high-frequency instruments. 
Introduced by Tektronix in 1954, the plug-in concept 
allowed the user to easily and inexpensively change the 
characteristics of his oscilloscope to cover a wide range 
of applications. 

Now, with the introduction of the 5100 Series, the users 
of low-frequency oscilloscopes will enjoy these same 
benefits. 

Since the same need for versatility exists in the low- 
frequency as in the high-frequency oscilloscope field, we 
determined to do our best to meet that need. Our goal 
was to offer a laboratory-quality, low-frequency, plug- 
in oscilloscope at the lowest practical cost to the user. 
We also wanted to include many of the features such as 
scale factor readout, large sateen CRT and solid state 
stability found only in the latest instruments. 

Breakthroughs would have to be made in many areas. 
Simplified circuit design, new production techniques 
for CRT’s, switches and other components, and re- 
duced assembly and calibration time would have to be 
achieved if we were to reach our goal. The end result of 
our efforts in all of these areas is a series of products that 
bring you new measurement capability, plus a flexibil- 
ity previously unavailable in any other oscilloscope 
system. 

First in this series is the 5103N Oscilloscope System, a 
general-purpose, low-frequency (DC to 2 MHz) oscillo- 
scope featuring cost-saving innovations such as inter- 
changeable display modules, plug-ins, and bench to 
rackmount convertibility. Four display modules, each 
with a large Gp^-inch CRT, give you a choice of single 
beam, dual beam, single beam storage or dual beam 
storage. You can readily change from one display mod- 
ule to another or convert from bench to bi/^-inch rack- 
mount configuration in a matter of minutes. Nine 
plug-ins give you a wide choice of vertical amplifiers 
and time bases. 



Several innovations in the amplifier and time base plug- 
ins enhance operating ease. For example, scale factor 
readout for each amplifier is provided by illuminating 
the knob skirt behind the area identifying the correct 
scale factor, even when using the recommended lOX 
probes. This same feature is used in the time base plug- 
ins to indicate correct sweep rate with the magnifier on 
or off. The possibility of measurement error is thus 
greatly reduced. 

The choice between left and right vertical plug-in is 
made by depressing the DISPLAY button on the respec- 
tive plug-in. This button also switches the light on 
behind the readout skirt, so a glance is all that’s needed 
to immediately identify which channels or plug-ins are 
in use. With neither DISPLAY button depressed, the 
left hand vertical is displayed but its readout is not 
illuminated. 

When two amplifier plug-ins are enabled, the main- 
frame automatically converts to the alternate or 
chopped mode of operation as selected by the DISPLAY 
button on the time base. The switching sequence allots 
two time-slots (in chopped) or two sweeps (in alter- 
nate) to each vertical plug-in. When dual-channel 
plug-ins are used, each channel takes one. time slot or 
one sweep. In the dual-beam mainframe, switching be- 
tween plug-ins is eliminated as each amplifier is per- 
manently connected to one vertical deflection system. 

THE WIAINFRAME 

Now let’s take a closer look at each of the 5100 Series 
modules. The 5103N mainframe module contains the 
low- voltage power supplies, horizontal and vertical am- 
plifiers, the electronic switching and logic circuitry 
for dual- trace operation between plug-ins, and three 
plug-in compartments. It will interface directly with 
any of the four display modules in a bench or rack- 
mount configuration. Any plug-in can be used in any 
com]Dartment to achieve X-Y, Y-T or raster displays. 
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Four display modules pictured from top to bottom are single 
beam, single beam storage, dual beam and dual beam storage. 
All feature a large 6 V 4 " screen and internal graticule. 



THE DISPLAY MODULES 

Each of the display modules uses a new 6i/^-inch ceramic 
CRT with an 8 X 10 division { 1/2 inch/div) internal 
graticule. The CRT, with 3.5 kV accelerating potential, 
has a bright, well-defined trace. Simplest of the display 
modules is the DIO single-beam display unit. In addi- 
tion to the CRT, it contains the high-voltage supply, a 
voltage, current and time (2X line frequency) cali- 
brator, the CRT controls and the power switch. A beam 
finder positions the beam on screen regardless of the 
setting of the vertical or horizontal position controls. 
The front panel Z-axis input with DC to 1-MHz band- 
width requires only 5 volts to modulate the beam. 

The D12 dual-beam display module is the same as the 
DIO single-beam unit except the CRT has two writing 
guns and two pairs of vertical deflection plates. Both 
beams cover the full 8x10 division screen. Also in- 
cluded are separate intensity and focus controls for each 
beam. 

Single and dual-beam storage operation are provided 
by the Dll and D13 display modules respectively. 
The bistable, split-screen storage CRT’s have a unique 
brightness control which permits varying the stored 
brightness to retain the image for several hours without 
damage to the CRT. The brightness control, in con- 
junction with other storage controls, also allows inte- 
gration of repetitive signals to effectively increase stored 
writing rate. 



THE PLUG-IMS 

The nine plug-ins presently available include six am- 
plifiers and three time bases. Simplest of the amplifiers 
is a plug-in having just an input stage with a potenti- 
ometer as an attenuator. Designated the 5A24N, the 
unit has a 50 mV/div sensitivity and is ideal for you 
who have low-cost monitor needs. 

For simple measurements where signals of varying am- 
plitude have to be measured, the 5A23N with decade 
attenuator steps and a 10 mV sensitivity is available. 
Bandwidth is DC to 1 MHz. 

A companion plug-in, the 5B13N time base, provides a 
low cost sweep unit with sweep ranges from 5 juts/div to 
0.5 sec/div in decade steps. A variable control extends 
the slowest sweep to 5 sec / div. 
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When signals of only a few millivolts are to be meas- 
^ ured, the 5A15N provides 1 mV sensitivity and DC to 
2-MHz bandwidth. The 5A18N offers the same char- 
acteristics with dual-trace capability including the con- 
venient ADD mode. This mode is especially useful 
when signal differences between two points are to be 
measured while both points are elevated by a common 
signal. 

Getting down into the difficult microvolt region where 
the applications call for low noise and high common- 
mode rejection, the 5A20N and 5A21N differential am- 
plifiers with FET inputs provide stable operation to 50 
/xV/div. Bandwidth is DC to 1 MHz. Upper bandwidth 
can be limited to 10 kHz for noise reduction. Common- 
mode rejection at 50 /xV/div, DC coupled, is 100,000:1. 

To permit common-mode measurements with the use of 
attenuator probes, a probe having accurate attenuation 
has been developed. The P6060 has lOX attenuation 
and provides common-mode rejection of 400: 1 at any 
deflection factor when used with the 5A20N or 5A21N. 

The 5A21N plug-in, while similar to the 5A20N, has the 
added feature of a current-probe input. Using the 
P6021 current probe, bandwidth is 15 Hz to 1 MHz 
with sensitivities from 0.5 mA/div to 0.5 A/div. The 
normal 100 Hz low-frequency response of the P6021 is 
extended by low-frequency correction in the amplifier 
to permit measurements at line frequency. This makes 
the unit especially useful in power supply design work. 

Many low-frequency applications make use of X-Y type 
displays. As the mainframe has identical vertical and 
horizontal deflection systems it is possible to make ac- 
curate phase measurements using two identical plug- 
ins. A control on the deflection amplifier board allows 
phase calibration to better than one degree at specific 
frequencies up to 1 MHz. 

Two more time bases round out the selection of plug- 
ins available. The 5B10N provides sweep ranges from 



1 /xs/div to 5 sec/div in a 1-2-5 sequence with a lOX 
magnifier extending the fastest sweep to 100 ns/div. 
The unit offers versatile triggering from DC to 2 MHz. 
Both trigger source and trigger mode are selected by 
pushbutton, A single-sweep mode simplifies the captur- 
ing of single-shot phenomena for photographing or 
storing displays. Included is an external horizontal 
mode which provides a convenient means for making 
simple X-Y measurements. Sensitivity is 50 mV /div with 
DC to 1-MHz bandwidth. 

A dual time base, the 5B12N, covers a wide range of ap- 
plications. Offering the maximum in versatility, it in- 
cludes the popular sweep switching introduced in the 
547 Oscilloscope. In the dual-sweep mode, the A sweep 
is slaved to the left plug-in, and the B sweep is slaved to 
the right plug-in. This gives you, in effect, dual-beam 
operation for repetitive signals. The two sweeps can 
also be operated in the conventional delaying-sweep 
modes with a 10-turn delay multiplier providing ac- 
curate delay settings. The 5B12N also includes an ex- 
ternal horizontal mode for X-Y operation. 

Some applications require a vertical sweep or raster 
presentation. This is easily accomplished by plugging 
any of the three time bases into one of the vertical com- 
partments. The 5103N provides convenient front panel 
access for Z-axis modulation in these applications. 

A low-cost camera, the C-5, complements the low-fre- 
quency 5100-Series instruments. Its fixed-focus, fixed- 
aperture design makes waveform photography simple. 
An access door in the top of the camera allows viewing 
the CRT without removing the camera. 

Some of the areas expected to benefit from the versatil- 
ity of the 5100 Series are medical research, educational 
instruction, low-frequency phase work such as servos, 
mechanical analysis using strain gauges and other trans- 
ducers, and engine analysis. 







Dual-trace vertical and dual time base plug-ins offer maximum versatility. 
At left above, both Ch 1 and Ch 2 are displayed by both A and B sweeps. 
Right above, adding a single trace plug-ln, with A sweep on EXTERNAL you 
can have dual-trace X-Y, while right vertical and 6 sweep provide Y-T. 
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To get a feel for the versatility of the series, let’s look 
briefly at the individual units. 



WITH 
A NEW 
MODULAR 



Plug-in versatility has proven its worth in oscilloscopes, 
counters, pulse generators and myriad other products. 
Now this concept is extended to a new series of instru- 
ments designed to be the meeting place for many dif- 
ferent systems. We call them the 2600-Series modular 
instruments. The term “modular” is used here in a 
broad sense and includes packaging, interconnections, 
input/output characteristics, power supplies and 
accessories. 



Designed to permit relatively free interplay between 
analog and digital circuits, most inputs and outputs are 
compatible with DTL and TTL logic levels. However, 
they differ electrically slightly to allow proper opera- 
tion with non-DTL and non-TTL circuits. 



SIGNAL GENERATION S 

CONDITIONING 








2601 MlAmmAME 

The 2601 mainframe, a basic element in the series, is a 
power supply and interconnecting system for 2600- 
Series plug-in units. Providing pre-regulated voltages at 
up to 50 watts, the 2601 accommodates six plug-in units. 
The pre-regulated voltages are further regulated in the 
individual plug-ins and, in some instances, used to 
power DC to DC converters for special needs. This pro- 
vides maximum decoupling between units. 

A seventh plug-in section in the 2601 plays a vital role 
in the versatility offered by the 2600 Series. It contains 
the interconnection board. The primary function of 
this board is controlling plug-in unit operation, proces- 
sing signals to or from a plug-in, or passing signals be- 
tween units. Thus, having planned and set up system 
operation from the front panel, you can duplicate 
the connections between units on the interconnection 
board and then tuck them away out of sight. Spare 
boards may be used to change rapidly from one setup to 
another. Most plug-in front panel inputs and outputs 
are coupled through the interface connections at the 
rear of the plug-ins and are duplicated on the inter- 
connection board. 

Pictured below are two of the interconnection boards 
currently available. The board on the left is used pri- 
marily to provide interconnection between plug-ins. 

The board on the right also provides interconnection 
between plug-in units but has an exciting additional 
feature. Fourteen 16-pin dual in-line plastic I. C. 
sockets, plus a locally regulated +5 volt supply, are 
mounted on the board. Ready connection between 
I.C.’s and the plug-in units is made by standard 40-mil 
patch connectors. This permits you to add the relays, 
switches, pulse transformers, resistor networks, op amps 
and many other functions available in the dual in-line 
package, to the functions available in the 2600-Series 
plug-ins. Instrument versatility thus becomes virtually 
unlimited. 









Interconnection board at left permits internal connection be- 
tween plug-ins. Board at right interfaces plug-ins with 14 1C 
sockets. Board includes -J-5 V regulated supply to power /C's. 



You may also elect to use the I.C. board and 2601 main- 
frame plug-ins completely independent of one another. 
Ten spare front panel jacks on the interconnection 
board provide convenient interface points. Front and 
rear panel BNC connectors on the 2601 may also be con- 
nected internally to any jack on the I.C. interconnec- 
tion board. The pre-regulated +17 and —17 volt 
supplies are available on the board and can often be 
used to power linear I.C.’s where other than +5 volts is 
required. 



RATE AMD RAMP GEMEBATORS 

Now let’s take a look at the plug-ins. The 26G1 and 
26G2 are basically ramp generators and produce ramp 
voltages ideal for analog timing applications such as 
delayed triggering of pulse generators, time bases for 
monitors, and raster generation. 

Several ramp modes are available to you. Free run, 
gated, triggered, and gated trigger, plus manually gated 
or triggered operation is readily accomplished from the 
front panel. In addition, the 26G1 can be internally 
triggered by the rate generator which is an integral part 
of the unit. The trigger and gate levels, both input and 
output, are compatible with logic levels used in most 
DTL and TTL logic devices. 

A convenient feature is the ability to terminate the 
ramp at any point in its excursion by applying a posi- 
tive logic 1 to the Ramp Reset input or a logic 0 to the 
Ground to Reset input. This provides for some inter- 
esting possibilities. For example, the 26G1 or 26G2 can 
serve as a time-to-height converter. The amplitude of 
the ramp output can be made proportional to the input 
pulse width simply by feeding the pulse into both the 
Trig and Ground to Reset inputs. The ramp is then 
started by the leading edge of the pulse and terminated 
when the pulse falls to zero. 

In addition to the main ramp output of 10 volts, sev- 
eral other signals are available at the front panel. A 1- 
volt ramp output serves as a convenient time base for 
the 601, 602 and 611 monitors which are ideal com- 
panion units to the 2600 Series. The +3-volt Ramp 
Gate, of the same duration as the ramp, provides un- 
blanking for the monitor. A +3-volt, 1.5-^s pulse coin- 
cident with the start of the ramp is handy to trigger 
your oscilloscope or other associated circuitry used in 
the application. 

We mentioned earlier that the 26G1 also contains a 
rate generator. Normally free-running at a frequency 
determined by the Rate and Multiplier settings, it can 
also be gated manually or by an external gate. All that 
is needed is reversal of an internal 3-pin connector. The 
Gate and Ground to Gate inputs then serve to gate the 
rate generator, with the first pulse from the rate gen- 
erator coincident with the start of the gate. The rate 
generator may be used independent of the ramp gen- 
erator portion of the 26G1. 
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PULSE GEMERATIOM 



The 26GS Pulse Generator plug-in unit provides pre- 
cise rectangular pulses with amplitude to ±10 volts and 
pulse duration from l^s to 11 seconds. Pulse risetime 
and falltime is less than 200 ns. In addition, the unit has 
two other output modes. With the Pulse Duration con- 
trol set to Bistable, the output changes state with each 
succeeding trigger, that is, the output goes to the high 
state on one trigger and to the low state on the next. A 
highly symmetrical waveform or pulses longer than 1 1 
seconds can thus be easily generated. 

The third mode, DC, or as it is sometimes called, 
“locked on”, is appearing with increasing frequency on 
the newer pulse generators. In this mode the output is 
simply a DC level which can be accurately set to any 
value up to ±10 volts by means of the Pulse vVinplitude 
control. Accuracy is 1% of full scale, full scale being I 
volt, 10 volts, or a value you may choose by selecting an 
appropriate external resistance. Output current up to 
20 mA is available to drive the selected resistance, how- 
ever, maximum output voltage is limited to ±10 volts. 

Three other outputs are available on the front panel: 
the Pulse Start, a -f3-volt pulse serving as an output 
trigger; the Pulse Gate, a +3-volt gate with the same 
duration as the pulse output; and the Trigger Gate, a 
+3-volt gate coincident with the start of the pulse out- 
put and whose width is determined by the Delay control 
setting. 

Turning to the 26G3 inputs, we see a wide range of 
control for starting and stopping the pulse. Selection of 
slope and level, much the same as on your oscilloscope, 
is available. A preset + 1-volt level is useful when trig- 
gering from logic circuits, and a ramp input provides 
for triggering at any point on a + 10-volt ramp giving 
you a choice of accurate time delay before starting the 
pulse. The Slew Ramp input offers some interesting 
capabilities; a signal fed into this input is combined 
algebraically with the signal fed into the Ramp input to 
effect triggering. This gives you a convenient means of 
generating two pulses whose time relationship can be 
made to change at a controlled, linear rate. 

One of the common uses of this technique is found in 
the field of biophysical research, the objective being to 
determine the ability of a nerve to respond to separate 
stimuli occurring within a brief time span. A look at 
how we can accomplish this objective using the 2600 
Series will serve to demonstrate the flexibility of the 
system, but first let's finish our review of the 26G3 
inputs. 

In addition to the Trigger, Ramp and Slew Ramp in- 
puts, there are Set and Reset inputs. A -4-1 -volt signal to 
the Set input, will set the output to its high state regard- 
less of the state of all other inputs except the Reset 
input. Conversely, a +l-volt signal to the Reset input 
will set the output to its low state regardless of the state 
of all other inputs including the Set input. 



SYSTEM APPLICATION 

Now let’s look at how we can accomplish the objective 
mentioned above, that of determining nerve response 
to closely spaced stimuli, using the 2600-Series instru- 
ments. The block diagram below shows the system we 
can use to generate the variable-spaced pulses, includ- 
ing a 601 monitor to display the pulses. The system 
consists of the 2601 Mainframe, the 26G1 Rate /Ramp 
Generator, the 26G2 Ramp Generator, the 26G3 Pulse 
Generator and the 601 Storage Display Unit. 




Interconnection of the units and the control settings for 
the respective units are shown on the interconnection 
board worksheet at right. These worksheets are replicas 
of the interconnection board and provide a handy ref- 
erence for repeating the set-up for a particular measure- 
ment. Replicas of the front panels of the plug-in units 
are available with gummed backing for pasting on the 
worksheet as shown. The photo in the lower right-hand 
corner of the worksheet shows the signal generated by 
the set-up. 

The pulse train is initiated by pressing the Manual but- 
ton on the 26G2. The 26G2 performs four functions. It 
starts the pulse train, gates the 26G1, provides the slew 
ramp for the 26G3 and determines the total period over 
which the nerve will be exercised, in this instance, 10 
seconds. 

The 26G1 also performs four functions. It determines 
how often the 26G3 generates pulse pairs, provides the 
ramp input for the 26G3, determines, in conjunction 
with the slew ramp and the Delay control setting on the 
26G3, when a stimulus pulse will be generated, and pro- 
vides the sweep and unblanking signals for the 601 
monitor. 

The 26G3 merely stands by and generates a pulse of the 
appropriate duration and amplitude when its trigger- 
ing level is reached. 
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Now let’s see what happens when we push the Manual 
button on the 26G2. A single pulse, 1 volt in amplitude 
and 300 ^s in duration is generated, followed by an 
identical pulse 10 ms later. The two pulses are then re- 
peated at 1.5 sec intervals with the time between them 
reduced 1.5 ms each time they repeat. A reset pulse from 
the 26G1 prevents the slew ramp from triggering the 
26G3 at the peak of its excursion, producing an un- 
wanted pulse. 

OUTPUT coumimumG 

One other important plug-in currently available in the 
2600 Series is the 26A1 Operational Amplifier. It is a 
high-power operational amplifier ideal for final pro- 
cessing of signals generated in 2600-Series system. Out- 
put capabilities are ±50 V and up to ±50 mA. Open 
loop gain is 10,000 into a 1 kQ load with a unity gain 
bandwidth of 5 MHz. 



Access to the operational amplifier inputs and outputs 
is via a Terminal Access Adapter which plugs into the 
plug-in unit. The adapter also provides access to the 
front panel connectors and the regulated +15 and —15 
volt supplies. Clips and jacks are mounted on the 
adapter circuit board so you can easily change the oper- 
ational amplifier function. A Terminal Access Adapter 
kit which includes a circuit board with a 0.1 x 0.1 inch 
grid of plated-through holes is available for construct- 
ing circuits to meet your specific needs. 

TOOO^SERIES COrVlPATISILUY 

The 2600 Series also brings new capabilities to you 
who own 7000-Series oscilloscopes. Through the use of 
an adapter, you can operate any of the 2600-Series plug- 
ins in your 7000-Series mainframe; truly plug-in versa- 
tility at its best. 



TEKTRONIX FORM NUMBER 
062-1265-00 
(Pad of 50 sheets) 
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NOTES: A 10-second train of paired pulses, each pulse 300 us in duration, 1.0 volt in amplitude. 

Pulse pairs repeated at 1.5 second intervals with the time between pulses reduced 1,5 ms 
each repetition. Pin 15 of U70 in the 26G1 is connected to output G on the 26G1 for a 
reset pulse. A 601 Storage Display Unit serves as monitor. 






Interconnection board worksheet shows connections between units, front panel control settings 
and waveforms generated by set-up. Notes include signal parameters and special instructions. 
Worksheet provides permanent record of set-up. 



9 




I TEKNIQUE: measuring the linearity of fast ramps | 

5 By John McCormick, Project Engineer j 




John received his BSEE, v\/ith distinction, from if of Kansas in 
1962 and his MSE with a Materials Sciences Option from 
Princeton in 1965. With Tek since 1965, he has contributed 
much to fast-ramp technology while working on sampling 
sweeps. 



The time measurements you make with your oscilloscope can 
only be as accurate as the time base displayed on the CRT 
screen. Improvements in components, ramp generator cir- 
cuitry and CRT construction have given us time bases speci- 
fied accurate within 2 or 3% and typically accurate within 
1%. With the great strides being made in vertical amplifier 
bandwidth has come the challenge of providing the fast 
sweeps needed to properly display these higher-speed phe- 
nomena. Generating and measuring fast, linear ramps poses 
unique problems. This article discusses a solution for one of 
those problems, that of measuring the linearity of fast ramps. 

There are two important quantities used to specify and de- 
scribe a ramp. These are the mean slope of the ramp, and 
linearity or slope deviation from the mean. An ideal ramp 
has a constant slope and is perfectly linear. It is usually easy 
to measure the mean slope of the ramp but linearity measure- 
ments are difficult to make and are usually made in an in- 
direct manner. This is especially true in the case of very fast 
ramps (tens of nanoseconds in length) . 

The terminology used to describe linearity varies according 
to the method used to measure it. A sampling oscilloscope 
can form the basis for a convenient and precise method of 
ramp slope and linearity measurements. However, before de- 
scribing the method it will be necessary to define a few terms. 



DEFIMfllOMS 



Mathematically 
point in time is 
to time. If V (t) 
time is given by 



speaking, the slope of a waveform at any 
the derivative of the waveform with respect 
is a voltage waveform, then the slope at any 



slope 



m (t) = 



dV (t) 
dt 



In the case of an ideal ramp, the slope would be constant. To 
describe a ramp we may consider an ideal ramp with the 
desired constant slope which we will call the mean slope, plus 
some deviations of the slope from this constant value. 

m (t) = m, 4- 1 (t) 

Where m (t) is the actual slope at any given time, m^^ is the 
mean slope and 1 (t) is the nonlinearity of the ramp. 

Percentage of nonlinearity is expressed by the equation 

% Nonlinearity = x 100% X 100% 

The nonlinearity is a function of time and can be determined 
if we know m (t) and m^,. It is relatively easy to measure m^ 
by feeding the ramp into the vertical system of a scope and 
measuring its amplitude and duration; m (t) is the time 
derivative of the ramp waveform. It is possible to measure an 
approximation to m (t) by several methods, only one of 
which we will discuss in detail here. 



The derivative of a voltage that is a function of time V (t) is 
given by the basic definition: 



dV(t) 

dt 



V (t+At) - V (t) 
At 

limit At O 



m (t) : 



What we can measure is 

At) -V(t) 

At finite 

It is obvious that m* (t) is just the average slope of the func- 
tion V (t) measured over a time At at each point in time as 
in Fig. 1. A convenient name for At is the time resolution or 
simply, the “resolution" of the measurement. The resolution 
is indicative of the detail that can be resolved. If the slope 
m (t) has components which last for a time on the order of 
At as in Fig. 1, they will be smoothed out in the measure- 
ment. If the ramp has a fast start like the ideal ramp in Fig. 
2 (a) , then the m* (t) Fig. 2 (c) will differ from the actual 
derivative in Fig. 2 (b) because of the finite resolution time. 
The smaller the resolution time, the closer m* (t) will be to 
m (t) . Now let’s consider methods of measuring m* (t) . 



rJEASUREMENT OF m^t) 

One simple way to obtain m* (t) for a waveform would be 
to process the waveform with an analog differentiator as in 
Fig. 3. This works pretty well with slow ramps but is very dif- 
ficult to implement for fast ramps, A better method for fast 
ramps makes use of sampling techniques to time-convert the 
ramp to a slower-speed replica. Measuring the slope is then 
an easy matter. The technique shown in Fig. 4 can be used to 
measure V (t-f At) and V (t) . The ramp waveform is fed into 
two identical sampling heads, A 8c B, each of which produces 
a DC voltag-e in its respective memory, proportional to the 
value of the ramp voltage at a time tj when the strobe opens 
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m (t)~ 



V{t 4- At) 




Fig. 1. Resolution limits measurement detail. Components last- 
ing for a time on the order of Af will be smoothed out. 




Fig. 2. Measured slope differs from the actual derivative be- 
cause of the finite resolution time. 



the sampling gate. If the strobe time for channel A (t^^) is 
made different from that for channel B (t^g) by some time 
(At) due to unequal delays and Tg, then the voltage 
measured by the respective sampling heads will be 

VsA — V (ts^) VsB V (t3A+ A t) 

We can then substract them at each time t. 

V = VsB - Vs^ = (V (t-f A t) - V (t) ) 

If we divide the difference in strobe time At we have 

At At ^ 

A convenient realization of the above technique can be ob- 
tained with a sampling system set up as in Fig. 5. The sys- 
tem consists of a 7000-Series four-compartment mainframe, a 
7T11, tw^o 7SIl’s, two S-1 sampling heads and a 7A22. If the 
signal cannot be loaded by 50o then a probe such as the 
P6034, P6035 or P6051 can be used to couple the signal to the 
power divider tee. An alternate approach would be to use 
S-3A or S-5 sampling heads in place of the S-1. 

The gains of both sampling channels should be adjusted so 
that they are equal (note variable front panel control on the 
7S11 does not effect the gain of the vert sig out) . This can be 
done by inserting a variable attenuator in the leads from the 
vert sig out to the 7A22. Comparing the amplitudes of the two 
vertical signals out is easily done with the 7A22. Just feed 
both signals differentially into the 7A22 and adjust the gains 
until the base line is at the same level before and after the 
ramp. 







Fig. 3. Analog differentiator is a convenient means of meas- 
uring slope and linearity of slower ramps. 




Tb - - At 



I SIGNAL V(t) 

Fig. 4. Block diagram of a sampling system to measure 
V(t-{~^t) ~ V(t). Resolution is set by difference in time of T a 
and Tb. 




Fig. 5. 7000-Series system to measure ramp (Vt) and slope 
(m*t) and display them simultaneously. Attenuator is placed in 
series with 1 A22 input having largest signal so inputs to 7A22 
may be set to same amplitude. 
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The resolution should be set by turning the right hand 7S11 
Delay Control full CCW, grounding the negative input of 
the 7A22 and setting the left hand 7S1 1 Delay Control for the 
desired At by observing the separation of the two traces on 
the screen. Be sure to adjust the gain of the 7A22 using the 
variable if necessary so that the two traces have the same 
amplitude on the screen. The top photo below is a typical 
display for setting resolution. 





Top photo is typical display for setting resolution. Bottom photo 
shows ramp and its slope. Aberrations are caused by non- 
linearities in the ramp. Resolution is 6 ns. 



After setting the desired resolution or At, the negative input 
of the 7A22 is moved to the DC position. Now displayed on 
the CRT is the voltage differential between the outputs of 
the samplers which is proportional to At and the slope of the 
ramp. Measuring the amplitude of this voltage differential 
and knowing At we arrive at m* (t) or the slope of the ramp. 

The bottom photo above shows the slope waveform and the 
ramp whose slope it represents. Aberrations on the slope 
waveform are due to non linearities in the ramp. The am- 
plitude of these aberrations relative to the amplitude of the 
slope waveform is the measure of the nonlinearities that exist 
in the ramp. 



ACCURACY OF THE MEASUnEMEfiJ 

Although the absolute slope in volts per nanosecond can be 
measured with this system, the accuracy is not as good as it is 
when measuring linearity unless the system is calibrated with 
a known slope. Contributing to the accuracy of the slope 
measurement are the accuracy of the sampling channel gains, 
the accuracy of the 7A22 gain, and the accuracy with which 
the time At is known. 

One method of eliminating the problem of absolute sweep 
calibration for accurate At is to adjust for both channels to 



sample at the same time and add a known length of delay 
line in the signal path of one of the sampling channels. 

Two other factors effect the accuracy of the linearity meas- 
urements. These are nonlinearity in the vertical response 
and nonlinearity in the sampling sweep. Of the two, the 
sweep nonlinearity is the dominate effect. The linearity of 
the sweep is specified to be within 3% over most of the Time 
Position Range and can be checked by the usual method with 
accurate time marks. For sweep speeds with low magnifica- 
tion the linearity is typically better than 1%. 



PRECiSIOM OF THE lilEASUREMENT 

Precision refers to the ability to measure small differences in 
signal amplitude and is limited primarily by noise. With the 
system described we can easily measure 1% differences in 
slope. It must be borne in mind that the response of the 
7S1 r$ must be identical. A convenient way to assure this is to 
set the dot response of both 7Sirs to unity. It is also im- 
portant that the scan rate be slow enough for the bandpass 
used on the 7A22. 



RAMGE OF SLOPE MEASUREMENTS 

The upper limit on slope, m* (t) , in volts/nanosecond is 
determined by the risetime of the sampling system and our 
ability to set the resolution to be a small portion of the ramp. 
Ten to twenty percent of ramp duration yields good results. 
The system described provides resolution from 10 ns to less 
than 100 ps. We should keep in mind that as the resolution 
time decreases, so does the signal out and noise will be a 
problem. The 7A22 variable bandpass may be used to reduce 
noise but the display rate must decrease proportionally. This 
is easily done by varying the scan control on the 7T1 1. 

The lower limit on m* (t) in volts/ nanosecond is set by 
noise as the resolution time cannot be adjusted greater than 
10 ns without instrument modification. A useful lower limit 
set by noise places the longest ramp length that can be mea- 
sured with this system at about 500 ns. However, an external 
delay line can easily be inserted in the signal path of one sam- 
pling channel to extend the lower limit. 



CONCLUSION 

We have discussed how differentiation of a fast ramp leads to 
a convenient method of measuring ramp linearity and have 
shown how to construct such a measurement system. A ramp 
and its slope, m* (t) , are shown in the bottom photo at left. 
The resolution is about 5% of the ramp length. The risetime 
of the slope can be measured as well as amplitude, overshoot, 
ringing and droop, just as if measuring a step response, and 
these quantities all relate to how linear the ramp is at any 
point. The advantage of having the ramp and the slope dis- 
played simultaneously is that the effect of circuit adjustments 
affecting the slope are seen immediately. 

The ability to differentiate fast waveforms can be useful in 
other applications as well, such as measuring impulse re- 
sponse by differentiating the step response. Differentiation of 
theoretical expressions has always been a useful technique in 
certain analysis (such as linearity of ramps) , but with the 
ability to measure the derivative directly and display it, 
although limited by resolution time, the technique becomes 
even more useful. 
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SERVICE SCOPE 



SERVICING THE 7704 HIGH-EFFICIENCY POWER SUPPLY 



By Charles Phillips 

Product Service Technician, Factory Service Center 



This is the first in a series of articles on servicing the 7000- 
Series oscilloscopes. The 7704 serves as the basis for these 
articles since it contains most of the new circuitry, compo- 
nents and construction techniques we will be discussing. It 
is not our intent to discuss the general techniques used in 
troubleshooting oscilloscope circuitry as these were covered 
extensively in the February 1969 to February 1970 issues of 
TEKSCOPE. Copies of these articles are available through 
your field engineer. 

Proper operation of the regulated low-voltage supplies is 
essential for the rest of the scope circuitry to function prop- 
erly, so let’s look at this section first. 

The high-efficiency power supply used in the 7704 is a new 
concept in power supply design that results in appreciable 
savings in volume, weight and power consumption. It is 
called “high efficiency” because its efficiency is about 70% as 
compared to 45% for conventional supplies. The line-to-DC 
converter/regulator contains most of the unconventional 
circuitry so our discussion will deal primarily with this 
portion. 

First, let’s briefly review the theory of operation. The high- 
efficiency power supply is essentially a DC-to-DC converter. 
The line voltage is rectified, filtered and used to power an 
inverter which runs at approximately 25 kHz. The frequency 
at which the inverter runs is determined basically by the 
resonant frequency of a series-LC network placed in series 
with the primary of the power transformer. The inverter 
drives the primary of the power transformer supplying the 
desired secondary voltages. These are then rectified, filtered 
and regulated for circuit use. 

Pre-regulation of the voltage applied to the power trans- 
former is accomplished by controlling the frequency at which 



the inverter runs, A sample of the secondary voltage is recti- 
fied and used to control the frequency of a monostable multi- 
vibrator. This multivibrator, in turn, controls the time that 
either half of the inverter can be triggered, thus controlling 
the inverter frequency. Circuit parameters are such that the 
multivibrator, and hence the inverter, always runs below the 
resonant frequency of the LC network. Remembering that 
the resonant LC network is in series with the primary of the 
power transformer, we can see that as the inverter frequency 
changes, the impedance of the LC network changes. The re- 
sultant change in voltage dropped across the LC network 
keeps the voltage applied to the primary constant. Pre-regu- 
lation to about 1% is achieved by this means. 

Now, let’s turn our attention to troubleshooting the supply. 
Assume you have made the usual preliminary checks; you 
have power to the instrument, the line selector on the rear 
of the instrument is in the correct position for the applied 
line voltage and the line voltage is within specified limits. 
The plug-ins have been removed to eliminate the possibility 
of their causing the power supply to malfunction. 

With the instrument power off, check the two fuses located 
in the line selector cover on the rear of the instrument. If the 
line fuse, F800, is open the problem is probably in the line 
input circuitry. If the inverter fuse, F810, is open the inverter 
circuitry is probably faulty. In either case it will be necessary 
to remove the supply from the mainframe to make further 
checks. This is easily done by removing the four screws on the 
rear panel that secure the power unit, then sliding the unit 
out the rear of the instrument. 

Before removing the power-unit cover, check to see that the 
neon bulb on the left side of the power unit has stopped 
flashing. The primary storage capacitors C813 and C814 




Simplified block diagram of high-efficiency low-voltage power supply. 
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remain charged with high voltage DC for several minutes 
after the power line is disconnected. When this voltage 
exceeds about 80 volts the neon bulb flashes. While servicing 
the power unit, the discharge time of the storage capacitors 
can be speeded up by temporarily disabling the inverter 
stop circuit. Pulling Q864 before turning off the scope power 
will allow the inverter to keep running for a short time, thus 
draining most of the charge from the capacitors. A voltmeter 
reading between test points 810 and 811 on the line input 
board will indicate the charge remaining on the storage 
capacitors. Allow at least one minute for the current-limiting 
thermistors to cool before turning on the power again if you 
use this fast-discharge technique. Do not attempt to discharge 
the capacitors by shorting directly across them as this will 
damage them. 

With the power-unit cover removed, orient the supply with 
the rectifier board on top, the line input board on the left 
and the inverter board on the right. This will make it con- 
venient to get to all the test points as we go along. 

LIME INPUT BOARD 

First let’s check the line input board. It’s fairly easy to tell if 
this circuit is working. The neon bulb previously mentioned 
will start flashing when power is applied. On some units it 
assumes a steady glow, on others it continues to flash. The 
voltage reading on test points 810 and 811 should be approxi- 
mately 800 volts DC depending upon the line voltage. Be 
careful not to ground any point in this circuit except test- 
point ground or chassis. 

Typical troubles in this circuit causing the line fuse to open 
are shorted diodes on the bridge, CR810, or a shorted capaci- 
tor C810, C811, C813 or C814. 

INVERTER BOARD 

Next in line is the inverter circuit. The problems most com- 
mon to this circuit are open fuse F810, shorted transistors 
Q825 or Q835, or shorted diodes CR825, CR835, CR828 or 
CR838. An open inverter fuse usually indicates trouble in 
the inverter. 

Before working in this circuit, unplug the power cord and 
give the storage capacitors time to discharge. Remove the 
line selector cover containing the line and inverter fuses. 
We’re now ready to make some resistance checks on the in- 
verter board. 

With your ohmmeter set to the xl kfi scale, take a reading be- 
tween test points 826 and 836. The reading should be several 
megohms in one direction and 1.5 kQ with the test leads 
reversed. Check between test points 836 and 820. You should 
get a high and low reading as before. This checks the tran- 
sistors and important diodes in the inverter stage. If you 
get a low reading in both directions on either of these tests, 
remove the transistor from the side having the low reading- 
in both directions. A set of readings between the appropriate 
test points will show whether it is the diode or the transistor 
that is defective. Diodes CR826 and CR836 are not checked 
by the above procedure but will not prevent the inverter 
from running even if shorted. Once you achieve a high 
resistance on both sides of the inverter, it will probably 
operate when you apply the proper power to it. However, 
before applying power, a quick check should be made on 
rectifier board test point 860 to ground. The resistance 
should be 2 kn or 40 kfi depending on the polarity of the 
meter leads. 



You can now prepare to apply power to the instrument. 
Install the line selector cover. Remove Q860 to disable the 
pre-regulator circuit. Connect your test scope between test 
point 836 and ground on the inverter board. Vertical sen- 
sitivity should be 50 V/div DC at the probe tip, the trace 
centered and the sweep speed .set to 10 fis/div. Connect a volt- 
meter between the +75 V test point and ground on the recti- 
fier board. Plug the scope into an autotransformer and with 
the line voltage set at zero volts, turn the instrument on. 
Slowly advance the line voltage while watching the test scope. 
If the trace moves up or down, the inverter still has problems. 
If the trace holds steady, the inverter should start as the line 
voltage approaches 80 volts. A square wave of approximately 
25 kHz and 200 volts will appear on the test scope. Do not 
advance the line voltage any further. The +75 volt supply 
should not be allowed to exceed 75 volts to prevent blowing 
the inverter fuse. 

RECTIFIER BOARD 

You are now ready to check the pre-regulator circuitry. Turn 
off the scope and return the line voltage to zero volts. Replace 
Q860 in its socket. Slowly advance the line voltage while 
monitoring the +75 volt supply. If the +75 volts holds 
steady, you can advance the line voltage to a normal setting. 
If the voltage is not stable or if the signal being monitored 
on test point 836 on the inverter board is erratic in frequency, 
the pre-regulator is not working properly. The quickest 
method of troubleshooting this circuit is to check the associ- 
ated transistors with a curve tracer or ohmmeter. The wave- 
forms shown on the facing page are typical for a properly 
operating supply. 

MECHANICAL CONSIDERATIONS 
Most of the components in the power supply are readily 
accessible from the top of the printed circuit boards. How- 
ever, when it is necessary to remove a soldered-in component, 
we suggest you remove the circuit board from the assembly 
and unsolder the component from the back side of the board. 
The line input board and the rectifier board are readily 




Low-voltage supply removed for easy servicing. Line input 
board is on the left side, rectifier board on top, and just the 
edge of the inverter board is visible at the right. 
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removed by loosening two or three screws. The inverter 
board is somewhat more difficult to remove; the manual 
gives the proper procedure. 

Care should be exercised when replacing Q825 or Q835 
located on the ceramic heat sink on the inverter board. The 
mounting studs are soldered into the printed circuit board 
and may be broken loose by applying excessive torque. 



When placing the power unit back into the mainframe take 
care to properly dress the power unit cables between the 
power unit and the logic board. Lowering the swing-down 
gate on the right side of the instrument will let you guide 
the cables into place. 

In the next issue of TEKSCOPE we will discuss the 7704 high 
voltage power supply. 




/ ypiuai waVGTorrn at / • ooo ror proporfy 
operating supply. Mid-screen is 0 Volts. 




Waveform at TP860. Note frequency is 
twice that at TP836. 




Waveform at TP859. Frequency in- 
creased slightly due to line voltage 
change. 



rNSTRUMENTS FOR SALE 



561 A, $500. 3T77, $500. 3S76, $850. Harold 
Dove, 837 Uvalda St., Aurora, Colo. 80010. 
(303) 343-2906. 

3-514D, 514AD, 524AD, 502, 541. 543A, 
180A. 2 ea. I60A, 161, 163, 162. Jim Ken- 
nedy, Technitrol, Inc., 3825 Whitaker Ave., 
Phila., Pa. 19124. (215) 426-9105. 

575, S900. Hans Frank, Dynaco, Phila., Pa. 
(215) CE 2-8000. 

502A, 202-1. Ron Calvanio or Dr. Denton, 
Mass. Gen’l. Hospital, Dept, of Anesthesia, 
Fruit St., White Bldg., Boston, Mass. 02114. 
(617) 726-3851, 726-2034, 

2 ea. 51 3D, 517. Dr. Frederic Davidson, E.E. 
Dept., Johns Hopkins Univ., Baltimore, 
Md. 21218. (301) 366-3300, Ext. 249. 

515A. G. Katzen, 243 W. Main St., Cary, III. 
60013. (312) 639-4768. 

601, $925. Dr, William Spickler, Cox Heart 
Institute, 3525 Southern Blvd., Kettering, 
Ohio 45429. 

514D, $250 or trade for 3 in. model. Arthur 
Pfalzer, Hoover Electric, Hangar 2, Port 
Columbus Airport. Columbus, Ohio 43219. 
(614) 235-9634. 

561 A, 3A6, 3B4. Package price, $1250. Pierre 
Cathou, MIT Branch, P.O. Box 104, Cam- 
bridge, Mass. 02139. (617) 868-5782. 

53G, $100. 53/54B, $85. Dan McKenna. 
(517) 725-7211. 

2-453. Dave Ballstadt, Optical Digital Sys- 
tems, 1175 E. Highway 36, St. Paul, Minn. 
55109. (612) 484-8589. 

51 3D. Lou Chall, 2834 Serange Place, Costa 
Mesa, Calif. 92626. (714) 545-6536. 

549, 1 A 1, 202-2, $2800 complete. J. C. Davis, 
Republic Nat'l Bank, Sunset Plaza, Pueblo, 
Colo. 81004. 



611. Dr. Les Wanninger, General Mills, 
Inc., 9000 Plymouth Ave., N., Golden Val- 
ley, Minn. 55427. (612) 540-3444. 

561A, 3A6, 3B3. Excellent condition. $1000. 
Might accept 321 or 321 A as part payment. 

(213) 792-4962. 

323, $850. C30AP, New, $450. Harold Moss. 
(213) 398-1205. 

536, 53/54K, 53/54T, .$800. S54, $300. Geo. 
Schneider, Profexray Div., Litton Medical 
Products, 1601 Beverly Blvd., Los Angeles, 
Calif. 90026. (213) 626-6861. 

511AD, .$300. Carl Powell, 3906 Jackson 
Hwy. Sheffield, Ala. 35660. (205) 383-3330. 

13 - RM561A / 2A60 / 2B67 never used. At- 
tractive discount. J. Wieland, 16950 Encino 
Hills Dr., Encino, Calif. 91316. 

316, ,$600. I. R. Compton, Comptronics, 
3220— 16th West, Seattle, Wash. 98119. 
(206) 284-4842. 

2B67, $175. 63 Plug-In, SI 00. Roger Kloep- 
fer. (517) 487-6111, Ext. 392. 

514A. Geo. Butcher, Electronics Marine, 
P.O. Box 1194, Newport Beach, Calif. 
92663. (714) 673-1470. 

1L20. George Bates, Dynair Elect., 6360 
Federal Blvd., San Diego, Calif. 92114. 
(714) 582-9211. 

611, .$2000. Dr. A. Sanderson, Harvard 
Univ., Electronics Design Center, 40 Ox- 
ford St., Cambridge, Mass. 02138. (617) 
495-4472. 

P6046 Probe, Amplifier, P.S., $600. Bob 
Waters, Jr., ARCT, Inc., P.O. Box 11381, 
Greensboro, N.C, (919) 292-7450. 

503 w/Grid. Wm. Gelb, Gelb Printing & 
Lithographing Co., 6609 Walton St., De- 
troit, Mich. 48210. (313) 361-4848. 

555 complete. Scope Cart. Fred Samuel, Ch. 
Engr., WXTV, Ch. 41, 641 Main St., Pater- 
son, NJ. 07503. (201) 345-0041. 



547, 422, 453, 502, Plug-Ins, Cal. Fixtures. 
Manzano Laboratories, Inc., 146 Quincy 
Ave., N.E., Albuquerque, N.M. 87108. 
(505) 265-7511. 

5 HAD, .$260. J. Barsoomian, 31 Porter St., 
Watertown, Mass. 02172. (617) 924-6475. 

2-531A/CA, $895. 2-531/CA, .$695. 53/54C, 
$150. 2A63, $125. J. Boyd, Tally Corp., 8301 
180th South, Kent, Wash. 98031. (206) 
251-5500, Ext. 6787. 

545B, lAl, 1A7. Scientific Industries, 150 
Hericks Rd., Mineola, N.Y. (516) 746- 
5200. 

547, 1A4, 1A2, 202-2, as package or individ- 
ually. Phil DiVita, Data Display Systems, 
Inc., 139 Terwood Rd., Willow Grove, Pa. 
19090. (215) 659-6900. 

105, $100. Charles Yelverton, Jones County 
Jr. College, Ellisville, Miss. 39437. (601) 
764-3667. 

516, $1020. 564B/121N, $876. 3A6, $440, 
3B3, .$544. 545B, $1360. lAl, .$520, 1A6, 
,$236. 201-1, $116. 201-2, $124. 202-2, $124. 
Larry Glassman, 5584 Benton Woods Dr., 
N.E., Atlanta, Ga. 30342. (404) 255-5432. 

53IA, CA, 202 Mod. A, .$500 package. Tom 
Eckols, Dow Jones Co., Dallas, Texas. 

(214) ME 1-7250. 



INSTRUMENTS WANTED 



453. W. Pfeiffer, 1332 E. Portland, Spring- 
field, Mo. 65804. (417) 869-0249. 

519. John Barth, Barth Corp., 7777 Wall 
St., Cleveland, Ohio 44125. (216) 524-5136. 

503. A. Ruben, Medical Sales & Service, 270 
E. Hamilton St., Allentown, Pa. 18103. 

(215) 437-2526. 

R561A or B, with or without Plug-Ins. Dr. 
Paul Coleman, Univ. of Rochester Medical 
Cntr., Anatomy Dept., Rochester, N.Y. 
14620. (716) 275-2581. 
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NEW PORTABLES 

pack more performance 

more viewing area 
more bandwidth 
more sensitivity 
more writing rate 
faster sweeps 
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The oscilloscope and transducer measurements 



Introducing the new portables 



The 576 Curve Tracer evaluates digital 
Sgpricing the 7704 CRT circuitry 
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COVER — Photo of the Beloit Injection Molding 
Machine In action with the process being 
monitored by the 3A10 transducer system. 



the 

oscilloscope 

and 

transducer 

measurements 



By Ken Arthur, Staff Engineer 




Denny Magden of Plastics adjusts the 3A10 transducer 
system used In monitoring injection molding of cam switch 
blanks. 



The fields of mechanical measurement and electrical 
waveform measurement have long been linked by a 
device called a transducer. In the context of mechani- 
cal measurements^ a transducer is a device which con- 
verts some physical quantity, force, property or con- 
dition into an electrical signal. When this signal is 
measured, and the relationship between its parameters 
and those of the quantity being measured are known, 
the magnitude of the quantity can be calculated. Since 
many physical phenomena occur at frequencies beyond 
the range of galvanometers and chart recorders, the 
oscilloscope logically becomes the recognized readout 
device for high-frequency physical measurements. In 
mechanical measurements, the term ‘‘high-frequency” 
can be applied to any effect having a frequency compo- 
nent higher than one kilohertz. 

Tektronix oscilloscopes having high gain differential 
amplifiers have been used in transducer measurements 
for many years. However a significant step was taken 
when the Type Q and 3C66 Carrier Amplifier plug-ins 
were introduced. With these units the transducer 
power supply, signal conditioner, and oscilloscope read- 
out device were packaged in a single unit; an innova- 



tion made possible by Tektronix’ revolutionary “plug-in” 
concept of oscilloscope design. Then came the Engine 
Analyzer System and the 410 Physiological Monitor. 
Although highly specialized in application, these instru- 
ments were designed with a “systems” approach; that is, 
the minimum basic components required in any trans- 
ducer measurement, (the transducer itself, a signal con- 
ditioner and a readout device) wei^e combined in an 
integrated system. Thus the customer was relieved 
of the burden of designing his own measurement sys- 
tem from separately purchased components — an irksome 
task at best, and one which many customers wei’e ill- 
equipped to perform. 

Now, with the introduction of the Type 3A10 Trans- 
ducer Amplifier, Tektronix makes another substantial 
contribution to the mechanical measurement field. 
Along with its family of especially selected and tailored 
transducers, the 3A10, mounted in a 560-Series Oscillo- 
scope, constitutes the first integrated, general-purpose 
transducer measurement system to appear on the me- 
chanical measurement scene. 

Design of the 3A10 was based on a survey of existing 
transducer instrumentation. This survey revealed a 
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pronounced need for a transducer measurement system 
with the following primary characteristics: 

Ease of operation 

Functional flexibility 

Predictable system accuracy (when used with one of 
the system’s transducers) 

® Optimum sensitivity and bandwidth 

The degree to which these design objectives have been 
met is evidenced by the number of “firsts” incorporated 
in the 3 A 10 system. Among these are: 

I ^ Snap“in attenuator scales, permitting the quantity 
to be read out directly in appropriate metric or 
U.S. system units. 

2. A variable, calibrated (1 to 11 V DC) transducer 
power supply for strain gages, strain-gage type 
transducers, and other voltage-excited types. 

Factory installed, full scale calibration resistors 
in strain-gage type transducers, permitting trans- 
ducer calibration at the push of a button and elimi- 
nating lead impedance errors. 

b Differential inputs with switchable 1 and 10 meg- 
ohm input impedances, permitting the use of both 
piezoelectric transducers and standard oscilloscope 
voltage probes. 

5, Separate amplifier gain control circuit for calibrat- 
ing active transducers without disturbing main am- 
plifier gain. 

(x No attenuation imposed on signals below 20 mV, 
thereby achieving a CMRR of 100,000:1 for low 
amplitude signals. 

7 , A strain-gage adapter with a variable, precision 
calibration resistor, allowing compensation for vari- 
ations in gage factor between different lots of gages. 

lx i ektronix designed low- hum interconnecting cables 
to eliminate noise interference with low- amplitude 
transducer signals. 

9. Bandwidth selection to eliminate or reduce unwant- 
ed signals, and to permit differentiation and inte- 
gration of transducer signals. 

The versatility of the 3A10 system stems from the fact 
that each of the ten transducers provided as accessories 
has been carefully selected, tailored or manufactured 
by Tektronix to take full advantage of the 3A10 Trans- 
ducer Amplifier’s characteristics. With these trans- 
ducers, magnitudes of acceleration, force, displacement, 
pressure, temperature, strain, vibration velocity and 
vibration displacement can be measured under either 
static or dynamic conditions. Furthermore, the system 
lends itself for use with practically any transducer the 
customer may possess or acquire. These transducers 



can be incorporated in the system by following simple 
instructions included in the operating manual and/or 
the TRANSDUCER MEASUREMENTS concepts 
book provided as standard accessories. 

The range of measurements to which the 3A10 system 
may be applied is virtually unlimited. Optimum utiliza- 
tion of the system’s capabilities, of course, depends to 
some extent on the imagination and ingenuity of the 
user. At Tektronix, many of the manufacturing pro- 
cesses have been improved and are maintained on a 
day-to-day basis through the use of 3 A 10 systems. 



A good example is provided by a problem recently 
encountered in manufacturing the cam switches which 
contribute substantially to the superior performance of 
the new 7000-Series Oscilloscopes. One of the compo- 
nents of these switches is a plastic “‘drum” having as 
many as 40 individual operating cams. This drum is 
machined from an injection-molded “blank”. Because 
the molecular structure of this part is crystalline rather 
than amorphous, it must be annealed to assure per- 
manency of dimensions. The annealing process, how- 
ever, results in some shrinkage, which varies with the 
degree of “mold packing” or density of the molded part. 
Unfortunately these variations in density are not evi- 
dent until the annealing process is completed. As a 
result, we experienced an unacceptably high reject ratio 
of the finished blanks. 




Uniform dimensions of injection molded cam switch blank 
are achieved using the 3A10 Transducer Amplifier and a 
force transducer to control degree of mold packing. 
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The problem was solved through the use of the 3A10 
Transducer Amplifier and a force transducer. Since 
the degree of mold packing varies directly with the 
pressui'e on the molten plastic during injection, the 
force transducer is applied to the ejector sleeve of the 
molding die. As the pressure of the molten plastic 
rises, it exerts a corresponding force against the sleeve 
which is in turn detected by the force transducer. 
Shortly after the peak pressure is attained, the cooling 
plastic begins to shrink, reducing the pressure on the 
walls of the sleeve. Once the plastic has solidified, the 
die is opened and the pressure drops to zero. The re- 
sulting waveform is shown in Fig. 1. Experiments soon 
established the desired parameters and allowable tol- 
erances for this waveform which would result in the 
most economical and productive use of the molding 
machine and, at the same time, yield parts of consistent 
quality. The reject ratio fell dramatically— virtually to 
zero. 
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Fig. 1. 

Waveform produced by force transducer during the injection 
molding process. Problems in the process are immediately 
detected by monitoring this waveform. 

Other advantages were gained as bonuses. First, the 
operator is now able to monitor each injection by ob- 
serving the oscilloscope waveform. Problems are im- 
mediately detected. Second, by connecting an X-Y 
chart recorder to the SIGNAL OUT jack of the 3A10, 
a permanent record is made available to supervisory 
personnel. Fig. 2 shows the record of two extended 
periods of operation. (The “pulses” shown on the chart 
are actually time-compressed versions of the waveform 
shown in Fig. 1.) Pz'ocess problems are clearly revealed 
and readily identified by an examination of these rec- 
ords, permitting coiTective measures to be taken. 
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Fig. 2. Permanent chart recordings are useful in analyzing 
repetitive problems and for production control. 



TEACHING APPLICATION 

The 3A10 system has also proven its worth as a versatile 
training aid in the teaching of physics and even mathe- 
matics. For example, in the study of the laws of motion, 
it can be established through the application of mathe- 
matical procedures that velocity is the first derivative 
of displacement with respect to time, and acceleration 
the first derivative of velocity. These relationships can 
be demonstrated graphically by using the 3A10 system 
and the simple apparatus shown below. It consists of a 
small shake table driven by a 60-Hz squarewave voltage. 
The 3A10 system’s vertical vibration transducer is 
mounted on the shake table and the accelerometer 
mounted on top of the vibration transducer. 




Apparatus used in demonstrating the mathematical principles 
relating to the laws of motion. 
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Fig. 3. 

Displacement waveform from displacement output of vertical 
vibration transducer. Bandwidth is DC to 1 MHz. 

The first step of the demonstration is to measure the 
vibration displacement of the table. The damping ef- 
fect of the mass of the table and transducers results in 
a displacement which has the form of a distorted sine- 
wave (Fig. 3). This measurement is taken with the 
amplifier’s bandpass filter wide open (DC - 1 MHz) . 

Next, the lower bandpass switch is set to 10 kHz, so 
that the displacement signal is differentiated on the 
lower slope of the bandpass curve. Although this pro- 
cedure attenuates the signal, the gain of the amplifier 
may be increased to give a clear impression of the wave- 
form (Fig. 4) . According to theory, this differential 
displacement signal should represent the velocity of the 
shake table’s vibration. To test the theory, it is only 
necessary to transfer the connecting cable to the VE- 
LOCITY output of the vibration transducer and restore 
the amplifier to full bandwidth. As shown in Fig. 5, this 
direct measurement yields a waveform practically iden- 
tical to that of the differentiated displacement wave- 
form. 




Fig. 4. 

Differentiated displacement waveform. Note similarity to the 
velocity waveform In Fig. 5. Bandwidth is 10 kHz to 1 MHz. 



Fig. 5. 

Velocity waveform from velocity output of vertical vibration 
transducer. Bandwidth is DC to 1 MHz. 




Fig. 6 & 7. 

Top: Differentiated velocity waveform. Mathematically dif- 
ferentiating velocity should yield acceleration. Bandwidth 
is 1 0 kHz to 1 MHz. 

Bottom: Acceleration waveform from accelerometer is simi- 
lar to differentiated velocity waveform above, validating math- 
ematical thesis. Bandwidth is DC to 1 MHz. 

When the vibration velocity signal is differentiated 
and compared with the directly measured accelerom- 
eter output the resultant waveforms once again are 
practically identical (Fig. 6 & 7). 

These two widely- divergent applications are but a small 
sample of the many measurements possible with the 
3A10. We expect the system will find extensive appli- 
cation not only in the mechanical-measurement field, 
but also in medical research, environmental studies and 
other fields of endeavor. 





Change for the better has always been a way of life 
at TEKTRONIX. New components, new techniques, 
new applications and sometimes problem areas, are all 
factors that continually bring change to our products. 
Often the changes are small and go unnoticed by the 
average user. Sometimes, however, the changes are 
substantial resulting, in essence, in a new product. 

Two standards in the portable oscilloscope field, the 
453 and 454, have recently undergone such a transfor- 
mation. We now call them the 45 3 A and 454 A. A 
glance at the front panel reveals both instruments have 
big new CRTs. Screen size has been increased to 
8 X 10 div providing 33% more viewing area. Acceler- 



ating potential on the 45 3 A is raised to 14 kV giving 
the same bright trace as the 454A. 

One thing you notice is, that in spite of the larger CRT, 
there seems to be more front panel space. New knob 
design and layout and the new color-coordinated front 
panels provide improved appearance and operating ease. 
The knobs are where you’re accustomed to finding them, 
but there’s more room to operate them. 

In addition to the larger CRT, improved appearance 
and operating ease, both instruments pack considerably 
more performance than their earlier counterparts. A 
new ‘'mixed” sweep mode lets you view the main sweep 
out to the point selected by the delay time multiplier, 
then the delayed sweep for the remainder of the display. 
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Simplified partial B sweep schematic for the 453A. 



The delay time is calibrated, and display repetition rate 
is independent of delay time. The manner in which the 
mixed sweep is achieved is somewhat unique. A simpli- 
fied schematic of the B sweep generator is shown above. 
In the mixed-sweep mode, the sawtooth from A sweep 
generator is coupled to the start amplifier for the B 
sweep generator. Thus, the DC starting point of the B 
sweep is a direct function of the level of the A sweep. 
When the B sweep generator is enabled by a signal from 
the delay multivibrator, the B sweep starts at the point 
on screen reached by the A sweep. In this mode the 
output of the B sweep generator drives the horizontal 
amplifier. The output of the B sweep generator takes 
the form of a composite sawtooth waveform with the 
first and last parts occurring at a rate determined by 
the A sweep generator and the middle occurring at a 
rate determined by the B sweep generator. The A sweep 
unblanking turns on the beam during mixed sweep. Ad- 
ditional unblanking during the B sweep portion of the 
display is provided by the mijced sweep blanking multi- 
vibrator through the mixed sweep blanking amplifier. 
A signal generated by the end of B sweep drives the 
mixed sweep blanking amplifier to a level which blanks 
the remainder of A sweep. 

Delay accuracy of 1.5% now extends from 50ms/div 



to 0.1 /j.s/div, and the fastest sweep rate on the 454A 
is increased to 2 ns/div for better resolution of fast 
risetimes. 




Output of the B sweep generator with Horizontal Display 
switch in the MIXED mode. Position of the B sweep is ofe- 
ter mined by the Delay Time Multiplier setting. 
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Th© Vertical ArnpHlIer 

The vertical amplifier in the 454A is a completely new 
design. FET inputs give rock-solid operation down to 
2 mV/div and full 150-MHz bandwidth is available 
at 10 mV / div. A new delay line eliminates preshoot 
and a cleaner response is obtained. You will notice 
less effect of vertical position on amplifier response and 
negligible baseline shift as you switch through the atten- 
uator positions. Crosstalk between trigger, vertical, hori- 
zontal and Z-axis signals is substantially reduced. 

Complementing the new vertical amplifier system is a 
new, compact lOX passive probe, the P6054. The offset 
design of the small compensation box keeps the front 
panel controls clear for easy operation. 




New one-piece casting provides improved shielding and 
rigid mounting for attenuator switches and vertical pre- 
amplifier board in the 454 A. 




In the 454A Vertical Output Amplifier, many of the compo- 
nents are an integral part of the circuit board or are a part 
of the thick-film etched circuitry pictured above. 

Several mechanical improvements increase the rugged- 
ness and serviceability of the 454A. The vertical attenu- 
ator switches are mounted on a one-piece casting to 
which the vertical amplifier printed board is attached, 
resulting in better shielding and stability in switch align- 
ment. Harmonica connectors speed disconnecting and 
removal of etched circuit boards, and access to other 
areas for servicing has been improved. 

A seemingly minor change will be appreciated by those 
of you who have to carry your instruments around. The 
feet on the rear form a new power cord wrap that holds 
the cord securely in place. No more danger of stum- 
bling over the power cord while running for your air- 
plane. 



Long recognized for its record of dependable mainte- 
nance-free operation, the 453 underwent somewhat 
fewer changes. Most noticeable is the big CRT with the 
bright trace. 

The 14-kV accelerating potential lets you view low rep 
rate pulses even in adverse ambient light conditions. 
It, too, has a new, color-coordinated front panel, new 
knobs and improved layout for easier operation. The 
bandwidth of the vertical amplifier is increased to 60 
MHz at 20mV/div sensitivity, with 50 MHz at 10 
mV /div and 40 MHz at 5 mV /div. In the horizontal 
section we have added the calibrated mixed sweep 
function and a more convenient X-Y mode. New, 
smaller probes and a new power cord wrap complete 
the major changes found in the 45 3 A. 
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Of major importance to many customers is the addition 
of four new models to the 45 3 A line. Many applica- 
tioiiSj especially in field service^ require an oscilloscope 
which will be used exclusively to solve defined measure- 
ment problems. Once the measurement problems are 
defined, the oscilloscope performance characteristics 
needed to solve these problems are easily defined. These 
four new models are designed to meet these special 
requirements. 

Since these instruments are intended for use in those 
applications where versatility and convenience are of 
secondary importance, certain 45 3 A features have been 
removed to offer the user performance at a cost com- 
patible with his needs. Features which have been re- 
moved include gate output sources, some power op- 
tions, warning lights indicating uncalibrated modes, 
X-Y operation, scale illumination and current calibrator 
loops. Major differences in the models occur in the 
horizontal section. For example, the 453A-1 has uncali- 
brated delay of the delayed sweep, while the 453A-2 
offers calibrated delay time. The 453A-3 has both cali- 
brated sweep delay and mixed sweep and the 453A-4 
has only a single time base. All of the instruments have 
vertical deflection systems identical to the 45 3 A, except 
the warning lights indicating uncalibrated vertical 
modes have been deleted. 



No discussion of the new portables available from Tek- 
tronix would be complete without mentioning the 324. 

Offering 10 MHz, single-channel operation in a package 
weighing only 8 pounds including batteries, the 324 is 
ideal for ‘^on-site” maintenance applications. Up to 3 
hours continuous operation is provided by an internal 
rechargeable power pack. The unit also operates from 
an external DC supply of 6.5 to 16 volts or from the AC 
line. Power consumption is only 8.5 watts on DC oper- 
ation. An extra power pack is available to allow one 
power pack to charge while the other is powering the 
oscilloscope. 

The vertical deflection factor is lOmV/div at the full 
10-MHz bandwidth and 2mV/div at 8 MHz. Cali- 
brated sweep rates are 1 ^s/div to 0.2s/div with a X5 
magnifier extending the top of the range to 0.2 /is/div. 

All of the portables are designed to withstand severe 
environments and include front panel covers and com- 
plete accessories. 



Pictured above are two new probes developed for use with 
the 453 A and 454A. The P6061 is designed for use with the 
453A and the P6054 for use with the 454A. The probes are 
similar in appearance and feature small, lightweight de- 
sign ideal for working with today’s compact circuitry and 



miniature components. The offset design of the small 
compensation box keeps oscilloscope front panel controls 
clear for convenient operation. Both probes are available 
in 3.5“foot, 6“foot and 9-foot lengths. 





TEKNIQUE: 



evaluating digital 1C performance 
using the 576 curve tracer 

By Jack Millay 



The curve tracer can be a valuable tool to circuit de- 
signers, device designers and device evaluation engineers 
working with integrated circuits. Most of the DC pa- 
rameters of digital IG’s can be displayed as a ‘"curve” 
such that the point specified by the manufacturer can 
be verified. Because the display is a curve, much more 
about the device’s performance can be quickly deter- 
mined than with a single-point measurement. Inte- 
grated circuit input and output characteristics as well 
as voltage supply (Vcc) current can be evaluated. 

Connecting the integrated circuit to the curve tracer 
terminals has been a problem. Now an integrated cir- 
cuit adapter available from Tektronix greatly simplifies 
the task. The adapter plugs into the Type 576 standard 
test fixture. Barnes Corporation Series RD-86 sockets 
and contactors plug into this adapter. Sockets are 
available for dual-in-line, 6 through 14-lead round-pin- 
pattern TO packages, and flat pack. Connection to the 
Type 576 is performed by patch cords from the pin 
terminal to the 576 terminal on the adapter. The pins 
on the Barnes Corporation socket are so arranged that 
the integrated circuit pin numbers agree with the pin 
terminal numbering around the adapter. Some of the 
earlier Barnes Corporation Series RD-86 sockets and 
contactors were not pin compatible. Dual-in-line 14 
pin and flat pack are all compatible, as are other sockets 
and contactors having a yellow base. The units that 
are now purchased from either Tektronix or Barnes 
Corporation are all pin compatible. 

The 576 COLLECTOR SUPPLY may be used to 
drive the input, load the output, or drive the Vcc ter- 
minal. When driving the inputs or loading the outputs 
of an IG, the AG polarity position of the collector sup- 
ply allows viewing of both current sourcing and cur- 
rent sinking on the same display. When displaying 
supply current as a function of supply voltage, usually 
the + polarity is used instead of AC. 

The 576 STEP GENERATOR may be used as a signal 
source, a power supply, or a combination of both. As a 
signal source it will output a voltage (or current) stair- 
step or a squarewave by turning the NUMBER OF 
STEPS control to 1. To use it as a power supply, the 
SINGLE STEP FAMILY button is pushed and the 
OFFSET MULT control is adjusted to obtain the de- 
sired voltap (or current) . The CURRENT LIMIT 
control adjusts the limit from 20 mA to 2 A when in 
the voltage mode. 

For many IC tests such as lm(0), Iin(l )5 Us, Icc(O) and 
Icc(l), the 576 COLLECTOR SUPPLY, the STEP 
GENERATOR and the E terminal for ground are the 




Jack has been with Tek since 1958. For most of his career 
he has been Involved with evaluation of active devices. He 
was manager of component evaluation for five years and Is 
currently project manager for curve tracers. 

only connections needed. For some tests, such as 
Vout(O), Vin(l), Vout(l) and Vin(O), another voltage 
supply is needed. It may be connected between the 
GROUND connection on the front of the test fixture 
and the TIE POINT on the integrated circuits adapter. 
From the TIE POINT it can be connected with the 
patch cords to any pin(s) desired. 




The Integrated Circuits Adapter plugs directly Into the stan- 
dard test fixture for the 576. 
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EVALUATING TTL 

Following are some examples of measurements on a 
Texas Instruments SN7402N IC. The SN7402N is a 
typical example of a digital integrated circuit. Shown 
below is the schematic of this circuit. The measure- 
ment techniques used here can be applied to other 
families of circuits as well. 




One of four identica! sections of the SN7402N IC. 

i j ‘ f- '■ ‘ f p ? p Y I - < -Y Y' T M 7 1 ^ 7 N 

Input current of this circuit can be displayed over the 
full range of input voltages of interest. The STEP 
GENERATOR OFFSET of the 576 is used as the Vcc 
supply. The COLLECTOR SUPPLY is used to drive 
the input tliat is being evaluated. Because we want to 
observe both current sourcing and sinking of the input, 
AC collector sweep is used. Fig. 1 shows the lin(O) 
condition. The specified value of lin(O) may be mea- 
sured on this display. It measures about — 1 mA at the 



specified measurement point of 0.4 volts, well within 
the specification of “1.6 mA max. The input voltage 
'‘point” where the input voltage changes from a logical 
zero to a logical one can be determined by observing 
the sharp transition in input current. This occurs at 
about +1.4 volts. lin(l) niay also be measured by 
increasing the vertical sensitivity until a reading can be 
obtained as shown in Fig. 2. In order to perform this 
measurement as the manufacturer .specifies, it is also 
necessary to move the input not being tested, from 
ground to the Vcc supply. However, this will usually 
not change the measurement. 



Logical 0 to logical 1 transition 




0 Volts 



Fig. 1. 

I JO) condition. Step generator offset is used as supply. 
AC collector sweep drives the input being evaluated so we 
can observe both current sourcing and sinking. 




Close-up of Integrated Circuits Adapter showing pin number- 
ing details and adapter for 14-lead dual-in-line package. 




0 Volts 



Fig. 2. 

I J1) condition. Same set up as in Fig. 1 with vertical sen- 
sitivity increased to permit reading of input current. 



The ability of the output to source or sink current can 
also be evaluated. The STEP GENERATOR OFFSET 
is used to bias the input for the Vout(O) condition. The 
COLLECTOR SUPPLY is used to load the output. 
Because we want to observe both current sourcing and 
sinking of the output, AC collector sweep is used. An 
external voltage supply is used for Vcc- 
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0 Current 



0 Volts 




Fig. 3. condition. Step generator 

offset is used to bias input for the 
\/ou/Oj condition. AC coHector sweep is 
used to load the output being evaluated. 
External voltage supply is used for 



0 Volts 




Fig. 4. V^^^(1) condition. Same set up as 
in Fig. 3 except the step generator off- 
set is set to bias the input for 
condition and the deflection factors are 
set accordingly. 



0 Volts 




Fig. 5. Short-circuit output current, 1^^, 
measured using same test set up as for 
V^^^(1). Vertical deflection factor is de- 
creased to observe point at which the 
curve crosses the zero-voltage line. 



Fig. 3 shows the Vout(O) condition. The manufacturer’s 
specification can be verified and actual performance 
measured. The device is specified able to sink 16 mA 
at no more than 0.4 V. From this display it is apparent 
that it will actually sink 35 mA at 0.4 V and will have 
a voltage drop of 0.25 V at the 16 mA specified. The 
normal fan out is specified at 10, but this particular 
gate could drive over 20 gates, at least as far as DC 
characteristics are concerned. 

It can also readily be determined from the display how 
much current is available to drive .shunt capacitance, 
and by knowing the amount of the capacitance, calcu- 
late the time for this current to discharge this C to the 
logical zero state. 

Fig. 4 shows Vout(l) of one of the SN7402N out- 
puts along the horizontal axis as a function of output 
current along the vertical axis. This device is specified 
able to source at least 400 ^m.A at 2.4 volts. From the 
curve it is apparent that it will actually source 4 niA 
at 2.4 volts and has a logical 1 voltage of 2.7 volts at 
400 /./.A. Because the maximum input current lin(l) 
is specified at 40 //.A, this output could dri\'e almost 
100 other worst-case inputs for a fan out of almost 100 
instead of the 10 specified. However, this measurement 
was performed at 25 °C, and when the device is oper- 
ated at lower ambient temperatures, the performance 
for this characteristic decreases. 

Short-circuit output current (los) may be measured 
using the same test set up as for Vout(l) by decreasing 
the vertical deflection factor. The deflection factor is 
decreased until we can observe the point at which the 
curve crosses the zero -voltage line. Fig. 5 shows this 
characteristic. The manufacturer specifies the current 
to be at least —18 mA, and no more than —55 mA. 
This device measures —29 niA, well within .specifica- 
tions. 

V,, CHARACTERISTICS 

The current required from the Ycc supply as a function 
of supply voltage and input levels can also be displayed. 
The COLLECTOR SUPPLY is used to drive the Vcc 
terminal. The + polarity of the supply is used as we 
only have to supply current (not sink) . The STEP 



GENERATOR can be used to voltage drive the inputs 
from 0 volts to +5 volts by setting the AMPLITUDE 
control to 1 volt/step and using 5 steps. No offset is 
used. Fig. 6 shows this characteristic. 

Only 2 curves are displayed because the zero and one- 
volt steps are below the level where the transition from 
the logical zero to the logical one takes place. The other 
four steps are above the transition point. Uc(0) mea- 
sures 15.5 mA, and Icc(l) measures 13.6 mA, well with- 
in the manufacturer’s specifications. 




I^JO) and I^JV- The terminal is driven by the collector 
supply, using + polarity. The step generator drives the in- 
puts from 0 volts to +5 volts using 1 volt/step. The outputs 
are open. 

From the same display we can also determine the effect 
on Vcc current when V cc or the input voltage is changed. 
Changing the input voltage has very little effect except 
in the logical zero to the logical one transition zone. 
However, a small change in Vcc voltage produces a rela- 
tively large change in Vcc current. 

These examples are typical of the IC measurements that 
can be made using the 576. Many of these measure- 
ments can also be made on the 575 but with somewhat 
greater difficulty. The integrated circuits adapter will 
fit on the 575. However, you will need to use patch 
cords to connect the collector and base terminals on the 
right hand side of the adapter to the 575. AC collector 
sweep is not available on the 575 so that two displays 
will be needed to display both current sourcing and 
sinking. Also the base step supply is much more limited 
and cannot do some of the functions we requix’ed of 
the 576. This difficulty can irsually be overcome by 
using an additional external power supply. 
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SERVICING THE 7704 CRT CIRCUIT 



By Charles Phillips, Product Service Technician 
Factory Service Center 



This is the second in a series of articles on servicing the 
7000-Series Oscilloscopes. The March TEKSCOPE dis- 
cussed servicing of the high-efficiency low-voltage power 
supply in the 7704. 

The CRT circuit in today’s advanced oscilloscopes per- 
forms the same iDasic functions as in early day instruments. 
It produces the high-voltage potentials to accelerate the 
electron beam and provides control circuits to turn the 
beam on and off and to set the intensity level. 

While the basic functions have not changed, the complexity 
of the functions has. As bandwidth and sw^eep rates have 
increased, .so have accelerating potentials and the speed with 
which the beam must be turned on or unblanked. Multiple 
signals now often control the beam. Main and delayed- 
sweep unblanking, horizontal and vertical chopped blanking, 
CRT readout, and external Z-axis modulation must all be 
accommodated. Logic circuitry and a Z-axis amplifier pro- 
vide a convenient means of processing these varied signals 
for control of the beam in the 7000 Series, 

With the increase in complexity of the CRT circuitry arises 
the need for a systematic approach to servicing this portion 
of the circuitry. Several clues as to the probable location 
of a problem are available to us from the front panel. For 
example, there are three intensity controls on the 7704 
front panel, A Intensity, B Intensity and Readout. The A 
and B Intensity controls are activated when plug-ins are 



inserted into the respective horizontal compartments. The 
readout is activated when a plug-in is inserted in any of the 
four plug-in compartments. Intensity levels set by the A 
and B Intensity controls pass through the Z-axis logic cir- 
cuitry to the Z-axis amplifier, while the intensity level set 
by the Readout control goes through the sequencing logic 
to the Z-axis amplifier. This gives us a quick check to de- 
termine whether the problem exists in the Z-axis logic or 
elsewhere in the CRT circuitry. 

Let’s assume you have a plug-in in the A Horizontal com- 
partment, the A Horizontal mode button depressed and the 
A Intensity and the Readout controls set to mid-range. You 
are experiencing intensity problems. Here are some symp- 
toms and the probable causes: 

I = No trace and no readout — 

a) Trace and readout off-screen — Pulling the beam 
finder control should bring the readout and trace 
on-screen. 

b) Readout locked up — Pull the readout board. If 
this clears the problem, U1210 on the readout 
board is a likely suspect. 

c) Defective Z-axis amplifier — If you have a spare 
Z-axis board, try replacing the entire board. If 
not, try replacing Q704, Q706 or Q718. 




Block diagram of the 7704 CRT circuit. Note separate logic paths for readout intensity and A and B Intensity. 
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d) Blown fuse F921 — Replace the fuse located on 
the low- volt age regulator board. Corona dis- 
charge may cause the fuse to blow. Defective 
components in the high-voltage oscillator and 
rectifier assembly can also blow the fuse. 

e) Defective CRT — See discussion on troubleshoot- 
ing the — 2960-volt supply. An open CRT heater 
or defective CRT socket can also be at fault, 

A spot only, whose intensity is controlled by the Read- 
out intensity control— Defective readout. Pull the read- 
out board or replace U1210 on the readout board. 

Readout only — 

a) Trace off-screen — Pulling the beam-finder control 
should bring the trace on-screen. 

b) Defective phig-in — Replace the plug-in. If plug-in 
is a time base, check to see that the controls are 
set to generate a trace. 

c) Defective Z-axis logic — Replace U170 Z-axis logic 
IC. 

K Bright trace and readout but no intensity control. 

a) Defective CRT. 

b) Defective Z-axis logic or Z-axis amplifier. 

c) Defective high-voltage circuitry. 

Normal trace but no readout— 

a) Defective readout l^oard. 

b) Defective plug-in unit. 

Now let's take a closer look at some of the problems noted. 
I'irst, that of no trace and no readout. We have determined 
that the trace is not off-screen and have pulled the readout 
board to eliminate it as a contributing factor. The next 
step is to check the —2960-volt cathode supply. This is 
available at a test point located in the high voltage assembly 
on the top right side near the rear of the instrument. A 
note of caution. Turn off the scope before applying or 
removing the meter lead to or from this test point. Corona 
di.scharge may damage some of the solid state components. 
If you have no voltage on this point, turn off the scope 
and disconnect the calde running from the CRT anode to 
the left side of the high voltage assembly. Lowering the 
swingdown chassis on the right side of the instrument gives 
you ready access to the anode cable connector. Touch the 
CRT anode lead to ground to remove the electrostatic 
charge on the CRT. After you have discharged the anode 
lead, turn the scope on. If the — 2960-volt supply comes 
up, you have a bad CRT. If the supply still fails to come 
up, turn off the scope and remove the CRT base socket. 
This will remove any loading on the supply due to shorted 
elements in the CRT. 

If you still do not have — 2960 volts, check Q712, Q752, 
Q756 and Q758 on the Z-axis board. The oscillator tran- 
sistors Q764 and Q766 can also be defective. If none of 
these units are at fault, you will need to get into the high- 
voltage assembly to troubleshoot further. 

The simplest method to accomplish this is to lower the 
.swing-doun chassis on the right side of the instrument. 
Place a piece of cardboard or a tablet on the chassis as an 
insulatoi' on svhich to lay the high-voltage assembly. 



The assembly is removed by removing the seven screws 
holding the upper half of the back panel and the two screws 
holding the front of the assembly. Work the assembly around 
so you can lay it on the insulating material on the swing- 
down chassis. The brown and red leads from the trace ro- 
tation coil on some early instruments are too short to per- 
mit laying the assembly down. Just remove the Z-axis 
board, unplug the leads and dress them out of the way. 
They need not be connected to troubleshoot the supply. 
Reinstall the Z-axis board. Next, remove the plastic cover 
from the supply and locate the white-green wire running 
from the encapsulated assembly to the high-voltage trans- 
former. Unsolder this lead and again check the — 2960-volt 
supply. If it comes up, you have trouble in the encapsulated 
assembly and you will have to replace the entire assembly. 
If it is not at fault, leave the white-green wire unsoldered. 
This allows you to pick up the rest of the circuitry involved 
with the high-voltage transformer and the components 
around that area. 

Another condition that would prevent the high-voltage os- 
cillator from running is a shorted or leaky diode in the 
high-voltage .secondary. We can check CR771 and CR772 
by lifting their anode lead and taking a voltage reading. 
The anode of CR771 should read about — 30 V and the 
anode of CR772 about — 3 kV. We cannot lift CR781 to 
check it as this would remove the feedback to the regulator 
circuit. The best procedure is to replace it or substitute 
CR772 temporarily to determine if CR781 is defective. 

Other po.ssible causes of high voltage failure are the high- 
voltage transformer and filter capacitor in the secondary 
circuitry. 

Another problem you may experience is an intermittent 
— 2960-volt supply, flashes on the screen, or noisy Z-axis 
modulation. Principal source of this problem is the thick- 
film assembly containing resistors R740 through R744. On 
later schematics these are numbered R740A through E. The 
assembly is located in the high-voltage plastic housing and 
can be reached by lifting the circuitry from the housing. 




High voltage supply removed for servicing. Insulating board 
betv/een supply and swing-dov/n gate allows unit to be oper- 
ated while open for troubleshooting. 



14 




The elastic bands holding the thick-film card to the assem- 
bly are usually the culprit. The tails of the bands pro- 
truding through the circuit board sometimes come in con- 
tact with the high-voltage diodes causing a corona dis- 
charge. Clipping off these tails may cure the condition. 
Corona discharge also sometimes occurs between the elastic 
bands and the thick-film resistors. If removing the bands 
clears the problem, you can leave them off. If the problem 
is still present, replace the thick-film card. The leads to 
the thick film should be unsoldered at the circuit point 
rather than at the thick film as the card is coated with an 
insulating material. 

no INTEMSITY COUmOL 

When you have a bright trace and no control of the intensity, 
the first thought is to suspect the CRT. Shorted elements 



in the CRT will cause this. However, problems in the Z- 
axis amplifier can also give the same symptom. If Q724 
or Q734 is defective, you will have no intensity control. A 
defective Q708 will cause the trace to be bright when the 
scope is first turned on then dim after several seconds to 
normal intensity. 

Q732, the remaining transistor in the Z-axis amplifier, has 
no effect at slow or medium sweep rates. However, if you 
have modulation on the trace at faster sweep rates, suspect 
Q732. Incidentally, it’s not readily apparent how to re- 
move the heat sink from this transistor. The heat sink is 
in two sections; just unscrew the top from the bottom. 

This covers most of the problems you may experience with 
the high-voltage section of the 7704. High-voltage circuitry 
in other 7000-Series instruments w'ith readout is similar and 
can be serviced using the same techniques. 



IN STRUMENTS FOR S ALE 

130LC Meter, $190. 115, $695. 514D, 
$350. S. King, 725 Little Silver Point 
Rd., Silvermere, Little Silver, N.J. (201) 
741-3891. 

3T2, 3S2, S3, 3 ft. cable ext., All $2250. 
R. Wagner, Wesleyan Univ., Physics 
Dept., Middletown, Conn. 06457. (203) 
347-9411, Ext. 865. 

535A with GA Plug-In. d b Electronic 
Enterprises, 13526 Pyramid Dr., Dallas, 
Texas 75234. (214) 241-2888. 

535 A with H Plug-In, $1000. 545 A, 

$1250. G Plug-In, $125. Geo. Maxwell, 
Rescuair Corp., 9030 Owensmouth Ave., 
Canoga Park, Calif. 91304. (213) 882- 
6161. 

556. Ron Seldon, Digital Development 
Corp., 7514 Clairemont Mesa Blvd., San 
Diego, Calif. 92111 (714) 278-1630, 

454, Mod 163D. New condition. Palmer 
Agnew, 314 Front St., Owego, N.Y. 
13827. (607) 687-2406. 

Three new Mod 130 LG Meters. Bob 
Rust, (213) 889-1010, Ext. 1081. 

545, CA, $550. J. R. Shapiro, 5 Lynn 
Dr., Englewood Cliffs, N.J, 07632 (201) 
568-9287. 

454, RM15, 130, 134, P6022. Three 
months old. Mr. Puzzuti, Aries Tech- 
nology, 3475 Victor St., Santa Clara, 
Calif. (408) 248-9685. 

Two 3A3’s. B. Murray, Picker Elec- 
tronics, 601 S. Bowen St., Longmont, 
Col. (303) 776-6190. 

453, $1600. 555 w/2 D’s, $1600. 585 
w/81 Adapter, D Plug-In, $1500. Ed 
Franchuk, 1203 Opal Ave., Anaheim, 
Calif. 92805. (714) 546-0431. 

Q Unit, $350. Never used. Vern Iver- 
son, Possis Machine Corp., 825 Rhode 
Island Ave., S., Minneapolis, Mn. 55426. 
(612) 545-1471. 



310. Norman Orr, Radio Specialists Co., 
2450 W. 2nd Ave., Denver, Col. 80223. 
(303) 744-3461. 

Two 422’s. $1000 each. David Young, 
Interdata, Inc., 2 Crescent PL, Ocean- 
port, N.J. 07757. (201) 229-4040, Ext. 
396. 

531 A, 1A2, N, L, $950. Michael Muegge, 
100 Foerster St., San Francisco, Calif. 
94112. (415) 931-8000, Ext. 522 or 

(415) 585-1625. 

504, $400. 551, $1000. CA, $125. H, 
$125. Vince Murray, Audio Devices, 
100 Research Dr., Glenbrook, Conn. 
(203) 324-6761. 

561A/3A6/3B3 w/Probes, $1525. James 
Gamble, 21917 Grant Avenue, Torrance, 
Calif. 90503. (213) 542-2680. 

453 Mod 127C, $1850. 191, $350. E. 
Paulaitis, 19 W. 380 Lake St., Addison, 
111. 60101. (312) 543-9260 or E. Lauer, 
(312) 259-6300. 

453. Mike Logue, Heidelex Corp., Stuart 
Rd., Alpha Ind’l Park, Chemsford, Mass. 
01824. (617) 256-3921. 

545, $700. D, $60. K, $50. B, $45. L, 
$90. Time Mark Gen, 180-S2, $95. 
Frank Aamodt, Golden West Airlines, 
4200 Campus Dr., Newport Beach, Calif. 
(714) 546-6570. 

531, 53B, $400. Gene Mirro, P.O. Box 
274, Hightstown, N.J. 08520 (609) 799- 
1495 after 6:00. 

Two K’s, $80 each. 80 w/Prb. & Atten., 
$80. Mr. Jordan, 1125 Greengate Rd., 
Fredericksburg, Va. (202) 337-7600, 

Ext. 711. 

Will trade RM17 for 503. T. W. Moore, 
Mt. Holyoke College, South Hadley, 
Mass. 01075. (413) 536-4000. 

661 W/5T3, 4S1, 51A and two P6032’s. 
Will trade for 454. John Riccitelli or N. 
Bicknell, The Foxboro Co., Foxboro, 
Mass. (617) 543-8750. 



Six 2.A60’s, unused. 25% discount. Har- 
old Childers. (713) 771-5821. 

512. J. C. Leifer, 328 Cree Dr., Forest 
Heights, Md. (301) 839-1548 or (703) 
560-5000, Ext. 2773. 

Sale or trade lAl, 53/54 K, 1 10 Pulse 
Generator. Lawrence Kahn, Gamma 
Electronic Research Co., 6042 Rockrose 
Dr., Newark, Calif. 94560. Call evenings 
& weekends. (415) 797-2595. 

317, $665. John Nicholas, Buckeye Ca- 
blevision, Inc., 1122 N. Byrne Rd., 
Toledo, Ohio 43607. (419) 531-5121. 

575 Mod 122C, $1000. Jerry Setliff, 
Nuclearay, Inc., P.O. Box 9320, N.W. 
Station, Austin, Texas 78757. (512) 836- 
1120. 

503, C-27. Dr. Farhang Soroosh, 1126 
E. 2nd St., Gasper, Wyoming 82601. 
(307) 234-2613. 

541 A, GA, $1000. Frank Cosenza, Trid- 
air Industries, Fastener Div., 3000 W. 
Lomita Blvd., Torrance, Calif. 90505. 
(213) 530-2220. 

661/4S1/5T3 and Access. Mr. Mawson, 
Scientific Measurement Systems, 351 
New Albany Road, Moo res town, N.J. 
08057. (609) 234-0200. 

Will trade N for M Plug-In, Four P6010 
Probes. Lloyd Hanson, Tri-State Col- 
lege, Engineering-Business Adm., Angola, 
Ind. 46703. 

INSTRUMENTS WANTED 



561A, 564, 201-2. 565, 205-1. 1L20. 

Lawrence Kahn, Gamma Electronic Re- 
search Co., 6042 Rockrose Dr., Newark, 
Calif. 94560. Call evenings & weekends. 
(415) 797-2595. 

564B and Engine Analyzer Accessories, 
including 2B67, 3A74, all accessory com- 
ponents. As package or separately. Henry 
Kovar, 11823 Porter Dr., R.R. #4, 
Osseo, Mn. 55369. 
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TEKTRONIX MAINTENANCE AND CALIBRATION LIBRARY 



If you do in-house maintenance of Tektronix equipment, 
the system pictured above will help you to more effec- 
tively repair and recalibrate your Tektronix instruments. 
It is a micro-library of up-to-date information on the 
entire Tektronix product line. The information includes 
complete instruction manuals with latest revisions and 
change notices, and complete production modification 
history, including reasons for the modification and the 
effect it has. Effective serial numbers of each factory 
modification are noted. If a modification can be customer 
installed and improves performance or reliability, full 
instructions and part.s lists are given. 

The information is presented on microfilm — more pre- 
cisely, map-indexed microfiche. This unique form of 
data presentation was developed at Tektronix for use 



in our own Service Centers where our Product Service 
Technicians are using the same information now avail- 
able to you. Map-indexed microfiche combines sheet 
microfilm (microfiche) with an eye-readable index (map) 
on the same sheet of film. This concept allows direct 
access to the information of interest when the microfilm 
is placed in the reader. 

The microfilm reader required for the system is The 
National Cash Register Company’s Model 456-833T. 
This desk-top unit features a nonglare high, 

wide screen for viewing double-page diagrams at larger 
than printed size. A two-position switch adjusts light 
intensity to any room. 

Your field engineer can give you further details on the 
system. 
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Jack Murdock 



On May 16, Jack Murdock, Chairman of the Board and co- 
founder (with Howard Vollum) of Tektronix, Inc., suffered a 
seaplane mishap on the Columbia River. He has been missing 
since and is presumed drowned. 

Many of you as Tektronix customers and friends have, through 
the years, expressed your appreciation for the quality of prod- 
ucts and services provided by Tektronix. Jack was a major 
influence in instilling the pride of workmanship and concern 
for the customers’ needs reflected in these products and services. 
That influence is best expressed in the following letter to 
Tektronix employees from Howard Vollum, President. 



Newspaper stories since Jack Murdock’s death have merely 
sketched, rather than elaborated on, his many achievements. 
This is fitting; Jack was a modest and unassuming man with 
no taste for the limelight. 

Yet he was warm and outgoing. To many of you, as to 
me, he was a good friend, a parson you could bring your 
problems to. Jack deserved his reputation as a great listener 
— always genuinely willing to tune into “the other guy’s” 
point of view. 

1 met him in the spring of 1937. He had opened a store 
on 67th and Foster, after high school graduation. His father 
had offered to send him to college, or give him an equal 
amount of money to start a store. He chose the latter, and 
began Murdock Radio and Appliance Company. 

While Jack was a very competent technician, it was more 
important that he spend full time managing the store. So 
I took on the radio service job. jack was an excellent sales- 
man, largely because he was such an exceptional listener. 
No high pressure at all, just genuineness; but many times 
1 saw a person who had come in only to complain stay to 
make another purchase, once he had his troubles all talked 
out. 



jack was always oriented toward the customer's viewpoint, 
and toward the ideal of service. Both these characteristics 
were transmitted to Tektronix, when it was founded in 1946. 
He is responsible for our first-name salutations, for our disre- 
gard of status symbols and for many other ways we have 
come to behave toward one another, and toward our cus- 
tomers. 

He led by setting an example. Despite his achievements, 
he was a humble man, without pretense. For many years 
our general manager, Jack was responsible for Tek’s then-in- 
novative “personnel policies” (although we didn’t call them 
anything so formal then), most of which continue today. 

But his biggest contribution was as the key Tektronix 
organizer. He was the person with enough business experi- 
ence and contacts that the rest of us felt the thing would 
“go”. Without his leadership, 1 think none of us - even though 
we knew by then we could build a superior product — would 
have felt comfortable starting such an enterprise. 

Jack was deeply involved with the mental-health and hu- 
man-relations aspects of industry, also with the study of 
semantics. He always felt that knowledge was the key to 
solving any problem, and that if you knew enough about 
it you could arrive at the appropriate solution. He ployed 
down his own academic achievements — largely because he 
had chosen not to go to college - but in terms of broad 
education, he had far more than many college graduates do. 

Although both eager and able to be outgoing, he intensely 
disliked personal publicity, particularly in the news media. 
(It was always my feeling, however, that he could have 
charmed any of the press corps off their feet.) 

Many of his beliefs will live on os port of our company. 
But Tektronix, like the rest of the business world and the 
community at large, has suffered a loss now that his service 
to it has ended. The world is always the poorer when a 
positive influence is lost. So it will miss Jack Murdock, a 
good man and a close friend to so many of us. 

Howard Vollum 
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COVER— Advances in state-of-the-art amplifier circuitry 
is dramatically illustrated in photo showing the output 
amplifiers for the 7904 and the 5 1 7. The 5 1 7, for many 
years, was the high-speed scope standad 



Val Garuts and Thor H alien discuss operation of the 7904. 




a 

subnanosecond 

realtime 

oscilloscope 



“The window to electronics” — you have probably heard 
this phrase used to describe the oscilloscope. Today, we 
can see more through this window than ever before. The 
new Tektronix 7904 now expands the real-time horizon 
from DC to 500 MHz. We have viewed signals of this 
bandwidth before but with limitations. The signals needed 
to be several volts in amplitude to drive the CRT directly, 
or repetitive in nature to permit the use of sampling tech- 
niques. With the 7904, fast signals only a few millivolts 
in amplitude and of single occurrence can be measured. 

With the introduction of the 7000-Series instruments in 
the fall of 1969, Tektronix brought unparalleled versatility 
and performance to oscilloscope users. The 7904, latest in 
this series, brings exciting new performance with no 
sacrifice in versatility. For example, any of the twenty-two 
7000-Series plug-ins currently available can be used in the 
7904. 
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Past Signal Path 

Fig. 1 Simplified schematic of the 

horizontal output amplifier. 




The fr Doubler Circuit. 



The CRT 

Design work on the 7904 commenced with development 
of the cathode ray tube. The goal: a tube with sensitivity 
and spot size similar to the CRT in the 7704, but having 
3 to 4 times the bandwidth and increased writing speed. 

The 7704 CRT uses a segmented vertical defiection-plate 
structure with a top bandwidth of about 500 MHz. To 
achieve the additional bandwidth needed in the 7904, we 
selected a helical traveling-wave structure. Similar struc- 
tures have been used in CRT’s for high-speed scopes for 
several years. Their major drawbacks have been limited 
scan, low sensitivity, and cost. 

The problems of sensitivity and limited scan are overcome 
by using a dome -shaped mesh electrode between the 
deflection-plate structure and the post-accelerator field. 
The mesh effectively shields the beam in the deflection 
area from the post-accelerator field and shapes the field 
to achieve a deflection magnification of 2 times in both 
the vertical and horizontal axis. 

The optimum shape for the mesh to achieve good geometry 
was determined using a computer to plot the fields devel- 
oped by the mesh, and the path of the electron beam 
through these fields. The equation producing the desired 
shape of mesh was then fed into a numerical control ma- 
chine which made the tool for producing the mesh. 

A unique method of fabricating the helical deflection 
structure yields a vertical scan of 8 cm and bandwidth 
in excess of 1 GHz, It is also relatively inexpensive to 
produce. 

The CRT uses a ceramic funnel, now standard for most 
Tektronix CRT’s, which permits edge lighting the internal 
graticule. 

The 24 kV accelerating potential applied to the CRT yields 
excellent visual brightness and photographic writing 
speeds. Using a C-51-R Camera, Pll phosphor and 10,000 
ASA film, the writing speed is 10 cm/ns. Fogging tech- 
niques extend this to 20 cm/ns. 
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THE VERTICAL SYSTEM 

i Coupled to the advances in CRT design is a vertical 
amplifier system containing many advances in state-of- 
the-art amplifier design. 

Acquisition and processing of 500-MHz signals requires 
techniques considerably different from those used to han- 
dle signals in the 100-MHz region. In the early planning 
stages of the 7000 Series, the designers anticipated that 
bandwidth limits would be continually pushed upwards, 
and designed the interface between the mainframe and 
plug-ins to accommodate these greater bandwidths. The 
characteristic impedance at the interface is 50 ohms, an 
ideal environment for piping around UHF signals. In the 
7904, the signal paths between circuit elements are all 
transmission lines terminated in their characteristic impe- 
dance. The result is a very clean transient respon.se with 
aberrations typically less than 5%. 

A new delay line design avoids preshoot and contributes 
much to the clean response. Optimized for maximum delay 
in a minimum volume, and short risetime, the line consists 
of two parallel solid conductors in a polyethylene dielectric 
with a foil wrap and extruded polyethylene protective 
jacket. 

The input impedance of the 7A19 Amplifier Plug-in is 50 
ohms. A Tek-made high-frequency cam switch permits 
input coupling of AC, DC or ground. The signal then passes 

\ through a 50-ohm turret attenuator providing deflection 
factors of 10 mV/div to 1 V/div. Attenuator switching is 
done ahead of the preamp except for the 10 mV/div posi- 
tion. The basic sensitivity of the plug-in amplifier is 20 
mV/div. Since the 50-ohm line carrying the signal from 
the plug-in to the mainframe is double terminated, switch- 
ing out the source termination increases the gain by a 
factor of 2 for a sensitivity of 10 m V/div. 

An optional variable delay control permits matching the 
transit time of two preamps and probes to within 50 pico- 
seconds. The delay is varied by mechanically moving a 
trombone section of transmission line. Range of delay is 
:t500 picoseconds. 

From the variable delay the signal passes to the first 
amplifier stage. This is a unique wideband circuit which 
we call an fr doubler. The simplified schematic opposite 
shows the basic circuit. The circuit was originally con- 
ceived several years ago by Carl Battjes. Considerable work 
by Thor Hallen coupled with the development of sophisti- 
cated IC fabrication techniques put the concept to practi- 
cal use. 

The It Doubler Circuit 

fT is the frequency at which the common- emitter current 
gain is one. If normal cascading of stages is used, no more 
than unity current gain can be achieved. The fx doubler 
overcomes this limitation by effectively arranging for the 
base- emitter inputs of four transistors to be in series. The 
push-pull configuration allows the collectors to be effecti- 
vely paralleled. At fx the current gain of this arrangement 
is approximately two. 




The 7904 DC to 500 MHz Oscilloscope System. 



The fx doubler can be thought of as an amplifier building 
block with twice the fx of a single device. Using several 
of these building blocks, an amplifier with significant 
current gain at fx can be built. 

Once the basic design for the vertical amplifier had been 
chosen, the next step was to develop state-of-the-art 
high-frequency IC fabrication techniques to produce the 
transistors and couple them together. The emitter degen- 
eration resistors were to be processed on the same chip 
with the transistors. This called for depositing precise 
amounts of nichrome on the substrate, a state-of-the-art 
process in itself. Since many critical processes were in- 
volved in producing a single fr doubler stage, we decided 
to use a separate IC for each stage rather than integrate 
the entire vertical amplifier on one chip. The mainframe 
vertical amplifier uses three fx doubler stages with coupling 
between stages via 50-ohm transmission lines. 

The Output Amplifier 

The output amplifier is a hybrid I C with a substrate carrier 
for mounting five silicon chips. Included on the IC is an 
fx doubler, two small chip capacitors and two discrete 
output transistors. 

Considerable design effort was expended in eliminating 
circuit elements that did not contribute to improving the 
signal gain. For example, there are no DC level shifting 
stages in the amplifier. The inductance of bond wires in 
the IC’s, usually a problem in high-frequency design, is 
used as peaking inductance. There are no high-frequency 
adjustments in the vertical amplifier in the conventional 
sense. Transistor leads forming half-turn inductors are 
adjusted for optimum transient response. 
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THE TIME BASE PLUG-IN 

The 7B92 Dual Time Base Plug-in used in the 7904 system 
features a fast 500 picosecond/cm sweep which comple- 
ments the ultra-high bandwidth of the 7904 mainframe. 

Delaying sweep measurements are made more convenient 
by a single front panel control which selects sweep rates 
for both normal and delayed sweeps, and selects either 
for display. 

A new system of triggering the delayed sweep permits 
setting the time delay control to zero to view the triggering 
event on the delayed sweep. 

An ALTERNATE sweep mode, available for the first time 
in a single plug-in, provides essentially dual beam opera- 
tion for many applications. 

Viewing of signals to 600 MHz and beyond is possible using 
the HF Sync triggering mode. When using an external 
trigger, either 50-ohm or 1 -megohm input impedance can 
be selected to minimize loading of the trigger source. 

THE HORIZONTAL AMPLIFIER 

The top sweep rate of 500 picoseconds/cm places some 
pretty stringent demands on the horizontal amplifier. The 
CRT horizontal deflection plate sensitivity is 7 volts/cm 
which means the output amplifier must swing 70 volts in 
five nanoseconds. Fig. 1 is a simplified schematic of the 
circuit developed by Val Garuts to provide the fast, large- 
signal amplification needed in the output amplifier. 

The horizontal output amplifier actually incorporates two 
amplifiers: A and A'. Amplifier A provides drive to the 
negative-going deflection plate and so is designed to have 
good performance in the negative direction of output. 
Amplifier A' drives the positive-going deflection plate and 
has good performance for positive-going output signals. 

Each amplifier provides two signal paths to its horizontal 
deflection plate, a high-frequency path using series feed- 
back and a low-frequency path using shunt feedback. The 
bandwidth of the high-frequency path is 1 MHz to about 
200 MHz and that of the low-frequency path is DC to 
about 30 MHz. 

The high-frequency path for Amplifier A is through Q3 
and Q2 to Cl, the load capacitance, consisting of the deflec- 
tion plate, output amplifier and distributed capacitance. 
The gain of the fast (series-feedback) path is the ratio of 
the feedback capacitance to the load capacitance (C(7 Cl)- 
Cf is made variable and set for a gain of ten for the high- 
frequency path. 

The low-frequency path is through Ql and Q2 to Cl. The 
values of the input resistance and feedback resistance are 
chosen to give the low-frequency amplifier a gain of ten 
also. 

Amplifier A' driving the positive-going deflection plate is 
arranged slightly differently, but the dual-path principle 
is maintained. The fast path is through Q3' and Q2' as 



before but a coupling capacitor Ci is inserted between them 

for DC blocking. I 

The low-frequency path is through Ql' and Q4' (rather 
than Q2') because of the DC level at the emitter of Q2'. 

A gain of ten for both low- and high-frequency paths is 
selected as in Amplifier A. 

An additional fast path is provided in each amplifier by 
C4, R4 and C4', R4' to speed up the positive transition 
of Cl and the negative transition of Cl'. 

The Z-Axis Amplifier 

The Z-axis amplifier in the 7904 uses a dual-path amplifier 
similar to the positive-going horizontal amplifier. The main 
difference is that the high-frequency path consists of PNP 
devices and the low-frequency path uses only NPN devices. 

This provides large output current for a negative-going 
output, and while the risetime in the negative direction 
is not as fast as in the positive direction, it is considerably 
faster than in the configuration used in the horizontal 
amplifier. 

THE POWER SUPPLY 

Both the low-voltage and high-voltage supplies in the 7904 
are contained in a compact unit weighing just Th pounds. 

The high-efficiency supply provides 150 watts of regulated 
DC at an efficiency of about 80%. 

A considerable savings in cost, weight and space is realized 
by winding both low-voltage and high-voltage transformers 
on a common core. The inverter, operating at about 23 
kHz, drives both supplies. 

Pre-regulation to better than 0.5% is achieved by control- 
ling the inverter conduction time. The control circuitry 
is designed to switch the inverter transistors off at the 
zero-voltage point on the sinewave. This eliminates the 
large amount of EMI normally generated by high- 
efficiency supplies, and reduces the likelihood of damaging 
the inverter transistors. 

Secondary regulation of the high-voltage supply is 
achieved using an amplifier to control only the -3 kV 
section of the supply. 
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PULSED-COLLECTOR HIGH-CURRENT 
TEKNIQUE: TESTING WITH THE 1 76 

by Jim Knapton, Senior Engineer 



The 176 Pulsed High-Current Fixture brings a new dimen- 
sion of operating convenience to semi-conductor high 
current and high power testing. Used with the 576 Curve 
Tracer, it provides currents up to 200 amps peak and power 
levels up to 1000 watts. 

With the pulsed collector supply, new tests are possible 
in the area of breakdown voltage where the device normal- 
ly would latch up. Other tests are possible at current levels 
available in the 576, but which could not be made on low 
power devices because of the duty cycle. Probably the two 
most neglected tests now made possible are rectifier for- 
ward drop at normal peak operating current, and transistor 
secondary breakdown. 

The pulsed nature of the 176 collector output with its low 
(1,8%) duty cycle makes heat sinks unnecessary in most 
cases — even at the highest power levels. The same Kelvin 
contact device adapters used for low power tests may be 
used even at the highest current levels, and device adapters 
to cover the more common high power device packages 
are now available. 

Soon to be announced is a TO-5 device adapter with Kelvin 
contacts. This will make possible accurate high current 
measurements on devices in TO-5 and other small signal 
packages. The internal wiring of the adapter can be readily 
rearranged for different lead configurations. 

Now, let’s look at some of the measurements that can be 
made with the 176. 

Power Transistor High Current Beta 
and Saturation Tests 

The 176 may be used to perform high current beta, satura- 
tion and breakdown tests on power transistors. Saturation 
and beta tests may be performed at collector currents up 
to 200 amps and, as previously noted, usually without 
using heat sinks. Because of the Kelvin connection method 
of measurement, devices may be connected using relatively 
small wires without measurement error. However, the vol- 
tage drop that occurs in the collector and emitter leads 
will limit the peak currents obtainable. The maximum 
peak power watts position that should be used will depend 
on the device being tested. In general, the 10 and 100 
positions are safe for forward biased transistor character- 
istics without heat sinks, if the peak collector voltage is 
limited to a value below device breakdown. The 1000 posi- 
tion should be used with some caution as average power 
dissipation can be about 20 watts (1.8% duty cycle). 




The 176 Pulsed High-Current Fixture slides into the 576 in 
place of the Standard Test Fixture. It provides a pulsed col- 
lector supply of 200 amps peak and pulsed step generator 
output of 20 amps peak. 



Because Kelvin connections are not used on the base 
connection, some measurement error could be present 
when making Vbe (Sat) measurements. 

Figure 1 shows DC beta (hpE) of a Westinghouse 1743-0620, 
TO-3 power transistor. The point of interest is a collector 
cuiTent of 90 amps at a collector voltage of 10 volts. This 
particular device required eight steps of 500 mA each to 
get 90 amps of collector current. Since hpE-Ic/lB we have 
90 -^(8 X 0.5) for an hFE of 22,5. If the base steps selected 
do not give us a curve that crosses the desired reference 
point, we can use the step generator offset to achieve the 
desired collector current. This offset must be added to or 
subtracted from the base current drive when calculating 
beta. 

Keep in mind that when the XIO step button on the 176 
is illuminated, the steps and offset are both pulsed. When 
it is extinguished, only the steps are pulsed. A note of 
caution — it is possible to put excessive average power into 
a transistor base when making high current collector mea- 
surements using offset base drive. 
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Small signal beta (hfe) can easily be measured by noting 
the distance between two characteristic curves for different 
base drive levels. The /? per division readout does the 
calculating for you. All that is necessary is to multiply 
the vertical separation of two adjacent curves by the /? 
per div readout. For example, the hfe of this device is about 
9 at 90 amps. The display offset can be used with the 
vertical magnifier to improve resolution for this type of 
measurement. 

VcE (SAT) can be readily read from the same photograph. 
For example, Vce (Sat) at 50 amps is 3.0 volts and for 90 
amps it is 6,9 volts. 

Transistor Breakdown Tests 

The pulsed collector feature of the 176 makes it possible 
to make many breakdown tests that would otherwise de- 
stroy the device. This applies to secondary breakdown or 
any other situation where the device will “latch up” so 
that a pulsed base test cannot be used. For this reason, 
the 176, is quite useful for measuring breakdown voltages 
of small signal transistors as well as high power devices. 

There is a less convenient way to test BVceo where latch 
up may occur, using only the 576. It involves using one 
step of offset to saturate the transistor at all times except 
during the 300 or 80 microsecond base pulse interval. Dur- 
ing this interval, the offset is canceled by a one step base 
pulse, effectively opening the base momentarily while the 
measurement is made. This method can be used only at 
relatively low currents. 

When measuring reverse breakdown characteristics with 
the 176, the maximum peak power watts 10 position should 
usually be used. Caution must be exercised whenever look- 
ing at reverse characteristics as small amounts of power 
in the breakdown mode destroy some very high power 
devices. 

There is no provision on the 176 to open the base connec- 
tion. However, BVceo can be measured by setting the base 
step generator to a very low current position so that for 
all practical purposes the base can be considered as open, 

BVces is measured by connecting a patch cord between 
the BASE and GND connectors on the front of the 176. 
Care must be taken to avoid dangerous shock when con- 
necting the jumper if the collector supply is energized on 
the 75 V or 350 V range. The device under test might be 
shorted collector to base and open base to emitter. An 
insulated jumper should be used and it should be connect- 
ed to GND terminal first. Quite often the breakdown 
characteristic will be such that oscillations will occur be- 
cause of the negative resistance z’egion of this character- 
istic. 



Fig. 1 Family of Ic vs Vc curves with collector supply pulsed 
on for 300 jis at power line frequency. Photos of waveforms 
are time exposures with the collector supply control manually 
advanced. 



Fig. 2 Open base breakdown (BVceo(Sus)) of a 2N3771 mea- 
sured at 200 mA. Bright spot at 200 mA is caused by mo- 
mentary pause in manual advance of collector supply at point 
of interest. 




Fig. 3 Collector breakdown with the base shorted to emitter 
BV(ces) for the same 2 N 37 71 pictured in Fig. 2. 
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Fig, 4 Curve showing forward drop of 1N3194 rectifier. Note 
dot slashing above 35 amps caused by junction heating. 




Fig. 5 Curve showing forward drop of 1N4721 3-amp rectifier 
at 200 amps illustrates high current capability of the 176. 



Figure 2 shows a 2N3771 silicon NPN power transistor 
tested for open base breakdown (BVceo(sus)) at 200 mA. 

The base terminal is opened by adjusting the step genera- 
tor amplitude to .05 as previously discussed. The 
variable collector supply is adjusted to obtain the desired 
current. Some enlarging of the spot will occur, especially 
before breakdown occurs. This is caused by the collector 
waveform turning on the base through the capacitance 
between collector and base. It can be ignored by measuring 
only the lowest current point on the enlarged waveform. 

Figure 3 shows the same 2N3771 transistor as in Figure 
2 tested for collector breakdown at 200 mA with the base 
shorted to the emitter (BVces). 

To perform the test, the BASE and GND terminals at 
the front of the instrument are shorted with a patch cord. 
Then the variable collector supply is increased until the 
200 mA level can be observed. 

Rectifiers 

With the 176 it is possible to test rectifier forward drops 
at currents up to 200 amps. Because the tests are done 
with pulses at a low duty cycle, far higher cuiTents can 
be used than would otherwise be possible. For example, 
the Type 1N3194 rectifier is rated at 750 mA If average, 
7.5 amps repetitive peak current and 40 amps non-re- 
current peak current. Forward drop can easily be measured 
at 750 mA using the full wave rectified pulsating DC col- 
lector sweep of the 576. However, this does not represent 
actual operating conditions in a capacitor input filter. 
The forward drop at 7.5 amps is more meaningful as this 
rating allows for the actual operating current which might 
be encountered in a capacitor input filter. However, for- 
ward drop at this current level cannot be safely tested 
except at a low duty cycle such as provided by the 176. 




Fig. 6 Voltage vs current curve of a 1 N3605 small signal 
diode graphically illustrates dot slashing caused by junction 
heating with excessive drive. 



The photo in Figure 4 shows the forward drop of a 1N3194 
rectifier. The test shows the forward drops at these 
specified ratings to be 800 mV, 1.2 volts and 2.4 volts 
respectively; well within the specification. The tests at 
750 mA and 7.5 amps were conducted casually with no 
heat sink and with plenty of time to take readings or 
photographs. Above the 40 amp level the device was heat- 
ing rapidly but there was adequate time to take the photo 
without damaging the device. 

Care should be taken to select the proper maximum peak 
power watts setting on the 176. In general, most rectifiers 
of the 500 mA to 1 amp variety cannot be destroyed on 
the 100 position if not tested for long periods of time. 

Reverse breakdown of rectifiers can be investigated at 
higher current levels than possible before if the device has 
a breakdown of 350 volts or less. It is recommended that 
the maximum peak power watts 10 position be selected. 
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Fig. 7 Forward drop of.zener diodes at high current levels 
can be readily checked with the 176. Curve shows character- 
istic of 1N302 7B zener at 5 amps. 



Small Signal Diodes 

Just as with power rectifiers, it is possible with the 176 
to test small signal diodes at high current levels not possi- 
ble with the 576. However, care must be taken not to 
destroy the device. If the maximum peak power watts 
position of 10 is selected, the maximum obtainable average 
power will be about 200 mW in the 300 jis pulsed steps 
mode. The maximum peak power may be as high as 10 
watts which will cause some junction heating during the 
pulse, depending on the thermal time constants. 

When observing forward voltage current characteristics 
this will show up as a slash in the dot that is along the 
load line rather than along the characteristic curve. It 
increases in amplitude as the variable collector supply is 
advanced. When slash like this starts to occur, further 
advancement of the variable collector supply control may 
destroy the device. 



Breakdown characteristics of the diode may also be dis- 
played. However, it is very easy to destroy the unit as 
no warning is displayed prior to failure. 

Figure 6 shows the voltage vs current characteristic of a 
1N3605 small signal diode. This diode has an average 
current rating of 150 mA. Note the dot slashing caused 
by junction heating that is occurring above about 3.5 amps. 
The 80 /xs pulse width may prove useful at these higher 
current levels. If some devices of a given type exhibit more 
change during the pulse than others, it may indicate poor 
die attachment. 

Zener Diodes 

With the 176 it is possible to measure zener breakdown 
voltages at high current levels. The maximum peak power 
watts 10 position should be used on 400 mW and lower 
zeners to avoid overheating. On higher power devices, the 
higher power levels may be used. Stud mounted devices 
can be tested on the 100 or 1000 positions if care is taken 
to avoid overheating. 

Figure 7 shows the voltage drop at 5 amps of a 1N3027B, 
20 V, 4 watt zener diode. This particular device has a V 2 
of 20.9 V at 5 amp. If a reading of greater accuracy is 
needed, first obtain the desired current without using the 
display offset, being careful not to over dissipate the device. 
Then use the display offset to magnify and reposition the 
display for a more accurate measurement. 

Silicon Controlled Rectifiers 

The 176 may be used to test the forward drop of SCR's 
at currents up to 200 amps. Testing methods would be 
the same as for ordinary power diode rectifiers except that 
the step generator must be used to turn the gate on. Gate 
firing levels may be determined readily using the offset 
feature of the step generator. 




JAMES H. KNAPTON^Jim started his career with Tek- 
tronix in November, 1961 with design of the horizontal 
amplifier and calibrator in the 647, Tek's first solid state 
lab scope. After a period of working with pulse genera- 
tors and time mark generators, he tackled the chore of 
developing a replacement for the 575 Curve Tracer. Jim 
contributed many of the fine features found in the 576, 
and recently added the 1 76 Pulsed High-Current Fixture. 

Jim received his BSEE in June of '48 from the University 
of California at Berkeley. He spends his leisure time 
sailing with his wife and two children, skin diving and 
dabbling in photography. 
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SERVICE 



SERVICING THE 7000-SERIES LOGIC AND READOUT 

by Charles Phillips, 

Factory Service Technician 



This is the concluding article on servicing the 7000- Series 
oscilloscopes. Other articles in this series appeared in the 
March and May issues of TEKSCOPE. 

The one word that best describes the 7000-Series oscillo- 
scopes is versatility. The key to this versatility is the logic 
circuitry which develops control signals for circuits in the 
plug-ins and the mainframe. The CRT readout also plays 
a key role in extending this versatility to encompass mea- 
surement areas formerly outside the scope domain. Digital 
multimeter and counter applications are now conveniently 
handled by Tektronix oscilloscopes using the CRT readout. 

This article discusses servicing the logic and readout cir- 
cuitry. Since the instrument instruction manuals include 
detailed operation of these circuits, we will limit this dis- 
cussion to a brief summary of their operation and then 
discuss troubleshooting techniques and typical problems. 

The Logic Circuit 

The logic circuit is comprised of seven integrated circuits, 
seven transistors and a handful of components all located 
on one circuit board. The logic board is mounted on the 
rear of the main interface circuit board. 

The basic functions of the logic circuits are to: 

1. Provide command signals to the Vertical Channel 
Switch, Horizontal Channel Switch and Trigger Selec- 
tion Circuit. 

2. Provide CHOP and ALTERNATE drive signals to dual 
trace amplifiers. 

3. Provide sweep inhibit signals for either the A or B 
Time-Base Plug-ins. 

4. Provide logic for steering of Z-axis signals from: 

a. Time-base plug-in blanking circuits, 

b. A and B intensity controls. 

c. External Z-axis inputs, 

d. Vertical and horizontal chopped blanking circuits. 

e. Z-axis commands from the readout circuit. 

All of the logic inputs and outputs are binary signals 
except for the Z-axis logic. The exteimal Z-axis input, the 
intensity control inputs and the Z-axis logic output are 
analog signals. Inputs to the logic circuits come from the 



Vertical and Horizontal Mode Switches and the plug-in 
units. In addition, the Z-axis logic receives inputs from 
the sequencing logic in the readout, the intensity controls 
and the external Z-axis input. 

The logic circuit outputs go to the Vertical Channel 
Switch, the Horizontal Channel Switch, the Trigger Selec- 
tion Switch, the plug-ins and the Z-axis amplifier. 

Mainframe Interface Switches 

We should briefly discuss the function of the vertical, 
horizontal and trigger selector switches. Each is a separate 
etched circuit board mounted on the main interface board. 

The Vertical Channel Switch determines which input sig- 
nal drives the delay-line driver. The Horizontal Channel 
Switch determines which input signal drives the horizontal 
amplifier, and the Trigger Selector Switch determines 
which trigger signal is connected to the A and B Time-Base 
units. It also provides the drive signal for the Vertical 
Signal Amplifier whose output is the Vertical Signal Out. 

A block diagram of the switches with their respective 
inputs and outputs is shown in Fig. 1. 

Pictured on pages 13 and 14 are the switching sequences 
of the horizontal and vertical channels for several modes 
of operation. 

The Vertical Mode Switch selects one of tw^o different 
binary signals to be the Vertical Mode Command, In 
CHOP operation the Vertical Chop signal (1 MHz) is the 
command signal. When the Vertical Mode Switch is in 
ALT, the output of the Vertical Binary is the command 
signal. In this mode the command signal changes state 
at the end of each sweep (with Horizontal ALT) or at 
the same time the Display B Command switches (with 
Horizontal CHOP). 

Notice that wdth the Vertical Mode Switch in ALT (Fig. 
2 a and b) that the left vertical is slaved to B sweep and 
the right vertical to A sweep. This is with the time bases 
operated in INDEPENDENT mode. If the delayed sweep 
is used, the switching sequences are changed to that shown 
in Fig. 3 a and b. 

The switching sequences for dual trace plug-in operation 
are shown in Fig. 4 and 5. The plug-in CHOP command 
(500 KHz) is always present regardless of the mainframe 
operating mode selected. It is directed only to the vertical 
plug-in compartments. 
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I Vertical 

Right 
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VERTICAL Command 
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XY OFF Command ADD Command 

from Readout ( | j from Vertical Mode Switch 



Vertical ^ to Mainframe 

Switch Vertical 



A Trigger j B Trigger 

Switch j 1 Switch 






Horizontal I to Mainframe 

Switch Horizontal 

XY OFF Command^^^^ _ J j . 

from Readout | f to Vertical 

DISPLAY B Command 
from Logic 




Fig. 1 Vertical, Horizontal and Trigger switching block diagram. 



The plug-in ALT command is connected to all four plug-in 
compartments. It switches states at the end of each sweep 
for LEFT or RIGHT Vertical operation in the mainframe. 
In Vertical Mode ALT the plug-in binary counts down 
by 2 so that the plug-in ALT is operating at half the rate 
of the mainframe Vertical ALT. Notice that in Fig. 4a 
and Fig. 5a and b that left vertical is slaved to B sweep 
and right vertical to A sweep. When the Horizontal Mode 
is ALT or CHOP, the Vertical Mode is LEFT or RIGHT, 
and a dual trace plug-in is operated in ALT, Channel 1 
is slaved to B sweep and Channel 2 to A sweep. 

Troubleshooting the Logic Circuit 

There are twenty display modes possible using the Vertical 
Mode and Horizontal Mode switches on the front panel. 
In addition, there are several other modes available using 
the mode switches on the vertical and horizontal plug-ins. 
Since it is beyond the scope of this article to present the 
logic signals for each of these modes, we have elected to 
list the logic output levels available at the test points on 
the logic board and describe what these levels accomplish. 
Also listed are the operating malfunctions that would 
occur should a given active component fail in the logic 
circuit. 



Most of the problems experienced in the logic circuitry 
are caused by temperature-sensitive components. A can 
of spray coolant can be very helpful in locating this type 
of problem. 

Following is a list of the logic outputs showing the output 
level and the function performed. The command signals 
from the logic circuit are typically small. In most cases 
the high level is about +1.0 volt and the low level about 
-0.5 volt. You will need to remove the low- voltage power 
supply from the scope mainframe to reach the test points 
on the logic board. 

TP 196 Vertical Mode Command - A high level displays 
the right vertical channel. 

TP 137 Plug-in Chop Command - A high level displays 
channel 2 in dual trace plug-ins. 

TP 190 Plug-in Alternate Command — A high level displays 
channel 2 in dual trace plug-ins and is locked 
(slaved) to the A horizontal time base when the 
horizontal mode is in ALT or CHOP. 

TP 164 Display B Command — A high level displays the 
B horizontal time base. 
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Fig. 2 Switching sequence of two single trece emplifiers with two time bsse units opereted 
in the INDEPENDENT mode. 
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Fig. 3 Switching sequence of two single trace amplifiers with two time base units operated 
in the DELAYED SWEEP mode. 



13 






(A) 

VERT BLANK 




VERT-ALT 

HORIZ-CHOP 



(B) 



~.4ys 




Fig. 4 Switching sequence of one dual trace amplifier operated in CHOP mode with one 
single trace amplifier and two time base units. 
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Fig. 5 Switching sequence of one dual trace amplifier operated in ALT mode with one 
single trace amplifier and two time base units. 



TP 167 A Sweep Inhibit — A high level prevents A sweep 
from running during the time B sweep is dis- 
played. 



1 . No vertical chopped mode 
No horizontal chopped mode 
No plug-in chopped mode 
Check U120 



TP 168 B Sweep Inhibit — A high level prevents B sweep 
from running during the time A sweep is dis- 
played. 



Z Axis Signal — Provides the drive to the Z axis amplifier 
for the A and B intensity controls. Blanking sig- 
nals for the vertical, horizontal and readout, and 
intensity limit control for the 6 slower sweep 
rates. The output will be about +6 volts with 
A & B intensity counter-clockwise and the read- 
out turned off. 



2 . No trace intensity 
Check U130, U170, Q146. 

3 . No vertical alternate mode 
No horizontal alternate mode 
No plug-in alternate mode 
Check U160, Q168. 

4 . No horizontal alternate mode 
No horizontal chopped mode 
No horizontal “B” mode 
Check U150 



Following is a list of operating malfunctions and the logic 
component failure most likely to cause the malfunction. 
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No slaving when operating vertical mode in alternate 
and horizontal in chopped or alternate. 

Check Q182 





The Sequencing Logic 



6 . No delayed mode control when operating vertical and 
horizontal in alternate. The right vertical is displayed 
with A sweep and the left vertical with B sweep. B 
sweep is delayed. 

Check Q162 

7 . No vertical alternate mode 
No plug-in alternate mode 
Check U180 

8 . No plug-in alternate mode 
Check U190 

9 . No slaving when vertical mode is in LEFT or RIGHT 
and plug-in is in alternate. 

Check Q192 

10 . No vertical alternate, chopped or right mode. 

Check Q194 

I L Right vertical mode only. Other vertical modes don’t 
work or foul up readout display. 

Check Ql96 

THE READOUT SYSTEM 

The readout system in the 7000 Series employs an elec- 
tronic character generating circuit which time shares the 
CRT with the normal scope function. The characters are 
formed by a series of X and Y analog currents developed 
by character generating integrated circuits. Analog data 
generated in the plug-in determines which characters will 
be displayed. You must have a plug-in installed in the 
mainframe for a readout to be displayed. 

The character generating circuitry is located on the read- 
out etched circuit board mounted on the right side of the 
instrument. This board is easily removed and, since it is 
interchangeable from instrument to instrument, you can 
speedily confirm that the board is defective by substituting 
a known good one. A defective readout board can cause 
the normal scope functions to malfunction. This is true 
even though the readout is turned off by the front panel 
intensity control. Removing the readout board will confirm 
whether the problem is in the readout or elsewhere in the 
scope circuitry. 

A defective plug-in can, in turn, cause the readout to 
function improperly. This can be quickly checked by sub- 
stituting another plug-in. The time bases will readout 
properly in the vertical plug-in compartments and the 
amplifier plug-ins in the horizontal compartments in a 
properly operating instrument. 

Now let’s look at some typical problems that may occur 
in the readout circuitry. As in the logic circuit, the cause 
of the problem is often a temperature-sensitive device and 
a can of spray coolant is of help in troubleshooting. 

The readout can be divided into three main sections: the 
sequencing logic, data collection, and the character gener- 
ators and output processors. Here are the typical problems 
relating to these sections, and their probable causes: 



L No readout 

2 . No trace 

3 . No readout and the readout intensity control varies 
trace intensity. 

Check U1210 

4 . No readout, trace intensity normal 
Check U1226 

NOTE: Troubles in the sequencing logic usually affect the 
complete display. 

Data Collection 

L Mixed up information or no information on one chan- 
nel of the readout display. 

2 . Typically the IDENTIFY function will be misspelled 
when displayed. 

3 . Interchanging the two suspected IC’s will generally 
cause the problem to go to a different channel (usually 
a vertical channel). 

Check U1130 and U1170. 

4 . Symptoms similar to those above but there will be more 
missing letters or wrong spelling of words. 

Check U1166 and U1186. 

5. Improper number of zeros in the displayed word. Typi- 
cally there is a ten times error such as 1 ms instead 
of 10 ms. 

Check U1190. 

Character Generators and Output 

1 . One or more characters missing from a word. 

Check U1251 through U1255. 

NOTE: Each of five IC’s makes ten different characters. 
If one is suspected, you can trade with another to verify 
the problem. However, each IC should be put back in its 
correct location to permit selection of the proper 
characters. 

2 . All of the characters smeared or positioned incorrectly 
on the CRT. 

3 . Trace displayed vertically or horizontally and no read- 
out. 

Check U1270. 

4 . Characters overlapping or not spaced properly on the 
CRT. 

Check U1260. 

These are the readout problems encountered most fre- 
quently by the factory service center. The instrument 
instruction manual contains a more detailed trouble- 
shooting procedure should you experience problems not 
covered here. 
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INSTRUMENTS FOR SALE 


INSTRUMENTS FOR SALE 


INSTRUMENTS FOR SALE 



526. Frank Maser, WBEN, 2077 Elmwood Ave., 
Buffalo, N.Y. 14207. (716) 876-0930. 

585, Viewing Hood, 86, lOX Pi'obe, Scope-Mobile 
Cart, Mod. 500 A. All $1200. SSR Instrument 
Co., 1001 Colorado Ave., Santa Monica, Calif. 
90404. (213) 451-8701. 

511 A. Best offer. Ira Goldstone, Emerson Col- 
lege, 148 Beacon St., Boston, Mass. 02116. (617) 
262-2010, Ext. 230. 

504. Bernie Cohen, P.O. Box 862, Stamford, 
Conn. 06904. (203) 327-6967. 

647A, 10A2, 11B2, All $1500. Stevens Engineer- 
ing, P.O. Box 25070, Portland, Ore. 97225. (503) 
292-920L 

RM565 with two 2A63’s. Total $650. Jack von 
der Heide, Option Corp., 30 Hazel Terrace, 
Woodbridge, Conn. (203) 389-5384. 

545A, lAl, CA, 500/53A Scope-Mobile Mod 2, 
$1400 complete. Bob Cobler. (916) 273-0322. 

519 w/misc. attenuators, 201-1 Scope-Mobile 
Cart. All $3500. George Sakai, P.O. Box 2999, 
Torrance, Calif. 90509. (213) 534-2121, Ext. 145. 

162, Four 16Ps. Mobilscope, Inc., 17734P2 Sher- 
man Way, Reseda, Calif. 91335. (213) 342-5111. 

Two 611’s, Mod 162C. M. Giallango, P.O. Box 
1999, Hudson, Ma. 01749. (617) 562-3424. 

422, 6 mo. old, $1425. Frank Leenecht, Telema- 
tion. (714) 278-9680. 

564B/3A74/3B3 complete, including Scope-Mo- 
bile Cart. Jerry Huber, Diversified Products, 
7625 E. 46th PI., Tulsa, Okla. 74145. (918) 622- 
5809. 



51 7A w/Cart, $250 or w/ trade for 531. Mr. Sar- 
geant, Chelmsford, Ma. (617) 256-9344. 

535 A, $600. lAl, never used, $500. Q, $80. Cover 
& two lOX probes included w/Oscilloscope & 
Plug-In. Hugh Adams, 1008 Beach view Dr., Fort 
Walton Beach, Fla. 32548. 

502, $450. 532, M, $500. Dr. Joseph Tupper, 
Syracuse Univ., Biology Dept., Syracuse, N.Y, 
13210. (315) 476-5541, Ext. 2584. 

535, 53/54C. David Singh, Nothelfer Winding 
Labs, 220 Ewingville Rd., Trenton, N.J. (609) 
882-2500. 

520A. Roger H. Baum, Bennett Respiration 
Products, 1639 11th St., Santa Monica, Calif. 
90406. (213) 451-1671. 

543B w/CA and Scope-Mobile Cart, $1620 or 
best offer. Robert Moss, WBNB-TV, P.O. Box 
1947, St. Thomas, U.S. Virgin Islands 00820. 

422 Mod 125B w/scope cart 200-2. Ken Chant, 
Standard Power, 1140 W, Collins Ave., Orange, 
Calif. 92667. (714) 633-1092. 

132, 160A, 162, Plug-in TU-2. Jack Wilkinson, 
Ex-Cell-0 Corp., 850 Ladd Rd., Walled Lake, 
Mi. 48088. (313) 624-4571. 

536, 53/54D, H, L, R Plug-Ins, 80 with probe, 
81. 581, 551, 541, 541A. Best offer. John Ivimey, 
391 Kings Hwy., Valley Cottage, N.Y. 10989. 
(914) 358-1773. 

502A S/N 027572. Mr. Vavoudis, 4 Naples Ave., 
E. Nomalk, Conn. 06855. (203) 846-0232. 

502A. Gd. Cond. Dr. W.R. Klemm, Biology 
Dept., Texas A&M, College Station, Texas 
77843. (713) 845-6131. 



547. 6 mos. old. $1600. Dick Peugeot, Ridge 
Instrument Co., 4176 First Ave., Tucker, Ga. 
30084. (404) 939-1554. 

549 Scope, lAl Amplifier & probes. $2700 or best 
offer. Mr. R. Olsen, Hospital for Sick Children, 
555 Univei-sity Ave., Toronto, Ont. (416) 366- 
7242, X1648. 

581A, 82; 585A, 82, 661, 4Sl, 5T1A; 531, 53/54C. 
All w/scope carts. Fred Besnoff, Computer Test 
Corp., 3 Computer Dr. Cherry Hill, N.J. 08034. 
(609) 424-2400. 

535A, 565, 555, 551, 515A, 531 A, 545A, 661, 647A, 
Plug-ins CA, R,S,G,H. Mr. R. Inabinette, Ana- 
heim, Ca. (714) 956-2300. 

262, S/N 299, $650; 3S76, S/N 1114, $450; 3T77, 
S/N 951, $450. Will trade for 2 or 3 Series Plug- 
ins. Mr. John Forster, MIT Branch PO, Box 48, 
Cambridge, Ma. 02139. (617) 864-6900. 

(2) 541A, (2) CA Plug-ins, (2) 500/53A Scope- 
mobiles; (1) 545A, (1) CA Plug-in, (1) 500A 
Scopemobile. Gene Horn, Offshore Systems, Inc. 
(713) 464-8301, X59. 



INSTRUMENTS WANTED 



453, any condition. John Lum, 825 Erie St., Apt. 
3, Oakland, Calif. 94610. (415) 893-7033. 

576. Dick Landis, Cal State Electronics, 5222 
Venice Blvd., Los Angeles, Calif. 90019. 

422 or 453, Gene Bilich, 2525 S. 44th St., Mil- 
waukee, Wi. 53218. (414) 545-0958. 

453. Bernard L. Terrill, Computer Maintenance, 
Iowa Tech. Ottumwa, Iowa, 52501. (515) 682- 
8081 or (515) 684-8707. 



561 A, 3A6, 3B4. All $1100. Pien*e-Yves Cathou, 
MIT Branch, P.O. Box 104, Cambridge, Mass. 
02139. (617) 492-2526. 

502A, 24 hr. use. Best offer over $900. Dr. M. 
Siegman, Dept, of Physiology, Jefferson Medical 
College, 1020 Locust St., Phila., Pa. 19107. 

lAl, $520. Brian Wachner, 1600 E. 25th, Los 
Angeles, Calif. 90011. (213) 934-9991. 

3L5. Never used. Dave Hohlfeld, Security Sys- 
tems, Inc., P.O. Box 595, Siloam Springs, Ar- 
kansas 72761. (501) 524-6441. 



422. S/N 008736, 3 yr. old. Best offer. Gary 
Carlson or Denny Krieger, Osseo Jr. High 
School, 10223 93rd Ave. N., Osseo, Minnesota 
55369. 

453-127C Scope, S/N 38600, P6028 BNC IX 
Probe. Frederick Bock, Bock Video Systems, 
Inc., 11 Kercheval Ave., Grosse Pointe, Mi. 
48236. (313) 886-4050. 

515A, #8748. $600 or best offer. F. Robert 
Werner, Professional Electronics, 7054 South 
2300 East, Salt Lake City, Utah. (801) 277-0200. 



531 A w/o plug-in. D.K. Hiskey, 4662 Lakeview 
St., Yorba Linda, California, 92686. 528-7379. 



MISSING INSTRUMENTS 



453’s, Ser. Nos. 44002, 45595, 45652, 45657, 45658, 
45559. Contact IBM, World Trade Dist. Ctr., 
East Fishkill, New York. 

Telequipment Scope, Ser. No. 412844, in San 
Francisco 4/16/71. Contact S. N. Bragg, Novar 
Corp., 2370 Chaiieston Rd., Mt. View, Calif. 
94040. 
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For the first time, it is unnecessary to learn a complicated 
machine language in order to operate a powerful desktop 
calculator. The TEKTRONIX Scientist 909 (and its com- 
panion, the Statistician 911) speaks the univei’sal language 
of mathematics, substituting a simple keyboard language 



for complicated machine languages in scientific calcula- 
tors. 

This new calculator incorporates a powerful keyboard that 
is unmatched for simplicity of operation. 
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OPERATION BY MATHEMATICAL EXPRESSION 



TWO-VARIABLE FUNCTION KEYS 



Mathematical expressions are entered directly as they 
would be written in equation form, using parenthesis if 
desired. For example, to solve the equation 



(a _ X 

(g - h) 



Two -variable function keys such as 
operate on the display as the first variable x, and on the 
next entry or expression as the variable y. For example, 
to find: 




where a,b,c. . . .h are variables of the user’s choosing. 
Press : 



ab _f. y/ c2 -f (12 +1'2 
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lEMORY STORAGE 



ONE-VARIABLE FUNCTION KEYS 

Trig, Log, x2, ^ , y?T, and other one-variable function keys 
operate directly on the number in the display. For example, 
to find: 



for a -- S().5° 




Read the answer, +644839326.7 




The TEKTRONIX Scientist 909 has memory storage and 
recall that is extremely easy to operate. Any number in 

the display can be stored and identified with a two digit 

[' ^ ] r ; ■] 

constant by pressing j ” j } ^ followed by the two sub- 

script digits, 00 through 25. 

For example, to display 17 and store it in register number 
21 

Press: 

” S D [■''] 





The powerful Scientist 909 keyboard provides access to more mathematical functions than any other machine with fewer 
total keys. 
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The stored number (17 in the above case) can be recalled 
to the display again and again at any later time by pressing 
I ^(ij and the two subscript digits (21 in the above case). 
These recalled numbers can be used in ail keyboard opera- 
tions just as new digit entries are used. 

Example: 

|(3 X K.OO “h J^oi^) X 7 -j- sill X k.02 = K.03 

Indirect subscript addressing allows the Scientist to auto- 
matically sequence and operate on all stored constants. 
The number in the display is stored and identified with 
indirectly addressed subscripts by pressing 



No followed by two digits. 



PROGRAmmmG 

A “learn program” key is included on the Scientist 909 
keyboard. While this key, , is activated, the calcu- 



lator is in a learn mode in which every key stroke (up 
to 256 steps) is memorized. These memorized key depres- 
sions may be automatically repeated at any time by press- 

I 

ing the key called [ | (thereby eliminating repetitive 

keying sequences). This feature may be used to define your 
own special function key. For example, to define your own 
special inverse Gudermannian function key where 
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h A 


L : J 


1 


f(x) = ln tan [j + jj 



Press: 



Example; 


Let TT— constant indirectly addressed as Ki?. •'(xi# 




1 ^ 
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Pres.sing 




L,:J h'] 


^0 


1 21 1 

j ton X 


inX 


1 


DEFINE 
• t(X)« 






will label Kn= 3.141592654 if K 2 i = 17 (from previous ex- 
ample). Subsequently whenever pressing |^iil 21, tt 

will appear in the display. 



Now use the key like any other function key operat- 

ing on one variable. 
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In addition to the above type of programming, which is 
essentially linear (no branching or looping) the TEK- 
TRONIX calculator family includes an “add on” pro- 
grammer, the 926. 

This programmer unit provides the branching and looping 
features of a small computer and will store 512 program 
steps in its internal MOS storage. The contents of this 
storage can be transferred to a tape cartridge which installs 
in the Programmer. Each cartridge holds up to 10 blocks 
of these 512 step programs. The Programmer 926 combined 
with a TEKTRONIX Scientist 909 or Statistician 911 
Calculator can accomplish most tasks a scientific computer 
can, with the exception of those tasks requiring very large 
data storage. 
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APPLICATIONS OF THE SCIENTIST 909 

Applications for the TEKTRONIX Scientist 909 span 
virtually every discipline and profession where mathemat- 
ics is used. Scientists, engineers, educators, statisticians, 
surveyors, metallurgists, astronomers, bankers, merchants, 
designers — all can be freed from the confusion of machine 
language and the tedium of paper and pencil arithmetic 
to spend their valuable time on more creative processes. 



noise. The resolution (separation of voltage steps) can be 
constant, or variable, within a scan. Each voltage step is 
corrected by the calibration curve referred to earlier. The 
integrated current divided by the integration time gives 
the amplitude of the mass corresponding to each voltage 
step. A plotter records the resulting spectrum as it is 
produced and stored on tape for future use. The voltage 
and amplitude of each peak can be found mathematically 
and printed out on a teletype or printer. 



ANALYTICAL INSTRUMENTATION SYSTEMS 

Application requiring control and readout of analytical 
instruments may frequently be handled by a modern pro- 
grammable calculator instead of a high cost mini-com- 
puter. The laboratory may already own (or plan to buy) 
a scientific calculator for individual desk use, and would 
like to avoid the purchase of a larger, faster machine unless 
the application really requires it. 

A good example of an application that can be handled 
by a programmable calculator is the Gas Chromato- 
graph/Mass Spectrometer (GC/MS). This type of instru- 
mentation system has been successfully controlled and 
monitored by a mini-computer, is relatively low speed, and 
therefore well suited to calculator control. 

The heart of the GC/MS is a mass filter assembly. Gas 
samples for mass analysis are inserted into the ionizing 
chamber and forced through the filter by accelerating 
electrodes. 

The mass of any ions that successfully pass through the 
filter is directly proportional to the applied scanning vol- 
tage. Ions passing through are detected by a photo-multi- 
plier whose output current is fed to an integrator. 

GC/MS operation begins with a calibration cycle program, 
A reference compound with a few known mass spectrum 
lines is placed in the inlet. The mass of these known lines 
can be entered from the keyboard or by punched card. 
The scanning voltage is then incremented, and at each 
step the ion current is determined. Signal to noise can be 
optimized by programming the integration time as a func- 
tion of signal strength, since the integrated current is 
divided by the integration time to obtain the actual 
current. 

The scanning voltage of each ion current peak is combined 
with the known mass of each peak and interpolated to 
produce a calibration curve which is stored for later use. 

After calibration, the unknown sample is placed in the 
inlet. The scanning voltage is stepped from the lowest to 
the highest value required, stopping at each step while the 
calculator adjusts the integration time for best signal to 
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Block diagram of the mass filter assembly of a GC/MS. 
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Simplified block diagram of a colorimetry system. 



COLORlf^ETRY 

Programmable calculators have been successfully applied 
to the measurement of color. A typical system is illustrated 
at right. Light from the object being measured passes 
through color filters which divide it into basic colors. These 
are measured with photo detectors whose outputs are 
scanned by a multiplexed analog-to-digital converter and 
sent to the calculator. The calculator performs the follow- 
ing calculations: 



matcher” with a calculator and a less experienced techni- 
cian. 

This system could be applied to color matching in process 
control. More multiplexer stations could be added to mon- 
itor the color of material and dyes going into a process, 
the color of material coming out, and a desired color sam- 
ple. Using the information and a programmed knowledge 
of color mixing, the calculator could interface with valves 
controlling the dye inputs to match the output with the 
sample. 



— ^ — =K„, — y =Ko, 

X + y + z X + y + z 

This computes and stores three numbers that uniquely 
identify the color. 

The system referred to has been used to color match mink 
fur for repair of coats, replacing an experienced ‘‘mink 



OTHER CALCULATOR PERIPHERALS 

The utility of TEKTRONIX Calculators is enhanced with 
a family of peripherals including a digital strip printer, 
X-Y plotter, punched card reader and magnetic tape 
storage devices. 




Dave Takagishi is one of the original 1 0 people response Cintra in 1968. He became a Tek man in May, 1971, 

ble for development of the Scientist 909. He has been when Tektronix bought the Cintra assets, 

involved with design and implementation of the calculator 

from pre-breadboard through its production phase. Dave is 31 years old and married. His interests outside 

of calculators include golf and photography. 

Dave is a graduate of San Jose City College and worked 
four years with Fairchild Semiconductor before joining 
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The unit is designed primarily for use with TEKTRONIX 
Automated Measurement Systems. However, it can serve 
just as well as an important building block in your system. 
Here are some of the chores it can perform: 

• Provide the interface to bring your system under com- 
puter control. 

• Couple the system to data-logging equipment, 

• Interface the computer to registers, DVMs, test fixtures 
and other programmable instruments in the system. 






• Digitize high-speed waveforms for computer analysis. 

The R1340 consists of a rackmount cabinet with power 
supply, space for twelve plug-in cards and eighteen wired 
connectors providing a total of 648 input/output lines. 
Combinations of from one to twelve plug-in cards within 
the R1340 perform the various functions desired. 

The block diagram in Fig. 1 shows four major application 
areas using the R1340. (Type numbers of TEKTRONIX 
instruments used in our automated measurement systems 
are shown in the appropriate blocks.) Although not appar- 
ent from the diagram, data logging from a system using 
the 230 and 240 can be performed through the R1340 
without using the computer. Data is logged on computer- 
compatible magnetic or punched paper tape. 



Complete testing of today’s complex integrated circuits, 
printed circuit boards and other such products is a formi- 
dable task. To accomplish it, an equally formidable array 
of signal sources, power supplies, test fixtures and measur- 
ing devices are brought together to form automatic mea- 
surement systems. Some of the more sophisticated systems 
also include a computer. 

How well we accomplish the testing task depends, to a 
large extent, on the ease with which the various elements 
of the system “communicate” with each other and with 
the computer. 

The new TEKTRONIX R1340 Data Coupler could be 
called a “systems communication expert”. The coupler is 
designed to multiplex data inputs and outputs of various 
system components to a common TTL data bus. This data 
bus can, in turn, be interfaced to a computer, data receiver, 
or data source. Using optional interface circuit cards, 
nearly any form and format of data can be applied to, 
or acquired from, the R1340. The unit can perform such 
functions as input/output level conversion, serial-to- 
parallel and parallel- to -serial format conversion and tem- 
porary storage of data in latching registers. 



INTERFACE OPTIOIMS 

Since different applications or functions require different 
interfaces, we should discuss the various interface options 
available for the R1340 before getting into specific appli- 
cations. An option consists of a package which includes 
one or more plug-in circuit cards, interconnecting cables 
and an instruction manual. Several options (up to a total 
of 12 cards) can be accommodated in the unit at one time. 
There are ten options presently available with several more 
in the design stage. Briefly they are: 

1. R1340 to PDP-8/L Computer Interface 

2. R1340 to IBM 1800 Computer Interface 

3. R1340 to R230/R240 Interface 

4. R1340 to Paper Tape Punch/ Reader Interface 

5. R1340 Data Logging Interface 

6. 16-bit Input/ 16-bit Output Interface 

7. 32-bit Input Interface 

8. 32- bit Output Interface 

9. R568 to R1340 Waveform Digitizing Interface 

10. Vertical and Horizontal Signal References Interface. 

The waveform digitizing and the signal reference interfaces 
merit special consideration .since they bring new capability 
to automated testing. 
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-WAVEFORM- 

DIGITIZING 



1 INTERFACE TO MISC. 
GENERAL PURPOSE INST. 



Fig. 7 Four major application areas of the R1340 include 
system control, data logging, waveform digitizing and inter- 
facing to many genera! purpose instruments. 




PDP-8 Computer 




) 



Fig. 2 A basic waveform digitizing system consisting of the 
R1340 Data Coupler, an R568 / 3S6 / 3T6 Oscilloscope and 
a DEC PDP-8 minicomputer. 



WAVEFORIVl DIGITIZIMG 

Waveform digitizing, as the name implies, is a means of 
converting an analog waveform into its digital equivalent. 
A computer can then be used to measure whatever param- 
eters are desired such as risetime, pulse width, period, or 
delay between two pulses. Smoothing or noise reduction 
can be performed to improve measurement accuracy or 
to extract a low-level signal from noise. 

A block diagram of the basic waveform digitizing system 
is shown above. It consists of the R568/3S6/3T6 program- 
mable oscilloscope, the R1340 and a PDP-8 minicomputer. 
A total of seven interface cards reside in the R1340. Three 
cards are required to interface the computer to the R1340, 
two cards program the R568 and plug-ins, and the remain- 
ing two cards are the digitizer interfaces. 

One of the digitizer interface cards has two, 10-bit A-D 
converters, buffers and control logic to convert the 3S6 
channel A and B analog information to binary numbers. 
These numbers are then made available to be read by the 
computer under software control. 



The other card consists of a buffered 10-bit D-A converter 
which outputs an analog voltage to the 3T6 to determine 
the time position of a particular sample. It, in essence, 
generates the analog ramp for the sampling sweep unit. 
Both cards rely on computer-generated operating instruc- 
tions. 

WAVEFORM DIGITIZER LOGIC 

Three operating modes are available for the waveform 
digitizer. One is called the SCAN, SAMPLE and HOLD 
mode, wherein the horizontal sweep is stepped across the 
screen in 1023 increments. This is like the normal sampling 
scope operation with one important difference. The sweep 
is prevented from going to the next time position until 
the data in one or both of the A-D buffers has been read 
by the computer. This enables the memory location itself 
to be used as a time position pointer for that data word. 

The second operating mode is called PARK, SAMPLE and 
HOLD. In this mode, the self-incrementing operation of 
the regivSter driving the D-A converter is disabled and now 
becomes a simple 10-bit latch which will accept a data 



8 




A & B Analog Signals 




Fig. 3 Block diagram of a computer-controlled system which includes waveform digitizing and vertical and horizontal 
reference signals. 



word from the computer. The sampler now makes samples 
at any one of 1023 time positions on the waveform being 
measured. Any number of samples desired may be read 
at that single time location by the computer. A new word 
may be loaded into the D-A register at any time to select 
a new time position or the mode may be changed back 
to SCAN, SAMPLE and HOLD. Thus, any segment or 
segments of a waveform may be stored in core, or multiple 
measurements at single-time locations may be stored for 
use in noise reduction. 

The third operating mode is called SCAN, FREE RUN. 
Here the sweep D-A operates in the self-increment mode 
and the logic loop requiring the computer to read the A-D 
converter before allowing the D-A to move to the next 
time position, is disabled. This mode is most useful for 
initial setup of the package since in the SCAN, SAMPLE 
and HOLD mode, only one sweep can be seen, and in the 
PARK, SAMPLE and HOLD mode, only a single dot can 
be seen on screen. 

Any of those three modes can be entered via computer, 
while the SCAN, FREE RUN mode may also be entered 
by a front panel control on the R1340. 



APPlJCATIOry COhlSIDERATIONS 

Of the two data acquisition modes discussed, the SCAN, 
SAMPLE and HOLD mode offers the greatest flexibility 
in the range of measurements that can be made. However, 
it requires up to 2048 words of computer memory to store 
a complete sweep of data from channels A and B. Since 
most standard minicomputers have only 4K of memory, 
the user would almost certainly have to add storage capa- 
city to accommodate a comprehensive program package. 

It should be apparent that a great deal of redundant 
information is contained in a typical oscilloscope display. 
This leads to a second type of acquisition routine which 
uses the PARK, SAMPLE and HOLD mode. It requires 
somewhat more sophisticated software but has several 
important advantages over the first method. 

Prior to the data acquisition stage, the user specifies the 
type of measurement and what points must be measured 
on the waveform. For example, suppose we want to mea- 
sure risetime, amplitude and channel A to channel B delay. 
These measurements require 0%, 10%, 50%, 90% and 100% 
points of the pulses on both channels to be stored. 
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A 0% zone is established by parking the sweep at the left 
edge of the screen and then reading the channel A and 
B samples. Next, the sweep is parked a few tens of incre- 
ments to the right, samples read and compared with the 
first ones. A zero slope area is quickly found by stepping 
the time position around as necessary. Once a suitable 
time-position is established, several readings of the A-D 
converters at that one time position are averaged and then 
stored as the 0% locations for channels A and B. Similarly, 
to locate the 100% time and amplitude, the time position 
(sample) is programmed to the right edge of the screen 
then moved to the left or backward in time. Now the 50%: 
voltage value is calculated and the sampling time position 
moved around until this value, or something near it, is 
found. Multiple A-D readings are then made at adjacent 
time positions with each time location given some average 
value of these readings. These noise-reduced values are 
then used to calculate the time position of the “smoothed” 
50%; crossing. The 10%; and 90%; points are found in a similar 
way. 

The required parameters of the two vertical channels are 
stored in only 20 memory locations (10 amplitude and 10 
time) compared to 2048 memory locations for storing the 
complete waveform. Furthermore, the noise level and, 
hence, repeatability of the measurement have been greatly 
enhanced, and the whole process carried out with fewer 
than 100 samples, depending upon the number of samples 
used for noise reduction purposes. 

VERTICAL AMD HORIZONTAL 
SIGNAL REFERENCE INTERFACE 

Designed to be used with the Waveform Digitizing Inter- 
face, a programmable time standard and programmable 
voltage standard are available as plug-in cards for the 
R1340. These standard signals are made available at the 
system measurement fixture so that all combinations of 
sampling heads, channel A or B, and 3S6 sensitivity will 
have a calibration coefficient tabulated in the computer 
memory. Similarly, a calibration table can be stored for 
all sweep rates of the 3T6 between 500 ms/div and 1 ns/div. 
Time and amplitude measurements can thus be made to 
better than 1% with traceability to NBS. 

COMPUTER-CONTROLLED 
WAVEFORM DIGITIZING SYSTEM 

Pictured on the preceding page is a block diagram of a 
computer-controlled system using the Waveform Digitizer 
and the Vertical and Horizontal Reference interfaces. The 



computer has master control over all of the cards in the 
coupler via PI, the Device Selector. 

The Device Selector takes data from the computer, con- 
verts it from a binary number to a selection code and uses 
it to select one or more cards in the data coupler. The 
selected card immediately transfers data to or from the 
interface bus in the R1340. The computer generates a 
strobe pulse when it sends or receives data. 

The Device Selector also receives a signal from each card 
which indicates the status of that card. When the com- 
puter is ready for data from the coupler, it looks for a 
signal from the Device Selector and then handles the data 
as the computer program requires. 

SOFTWARE 

No software is presently available as part of the R1340 
except as part of an operating S3150 system, and that 
software is in a language closely related to the particular 
hardware in the system. 

Existing hardware interfaces used in the H1340 for the 
DEC PDP-8/L and IBM 1800 computer are well docu- 
mented and allow machine-language drivers to be easily 
written. Hardware interfaces for other computers (includ- 
ing the DEC PDP-11) are under development. Special 
software, a high-level language written in DEC PDP-11, 
FORTRAN IV, will be available in 1972, The TEKTRON- 
IX programming language being developed for the PDP-11 
will allow interactive English-language control of com- 
puter peripherals and test instruments interfaced through 
the R1340. Digitized waveform data acquired by the Wa- 
veform Digitizing Interface can be computer processed 
through measurement routines for determining such para- 
metric data as risetime, pulsewidth, etc. Measurement 
routines may be interactively altered or extended for unu- 
sual applications by writing FORTRAN routines to per- 
form special functions. Arithmetic, data-logging, instru- 
ment programming and display operations are to be in- 
cluded. 

CONCLUSION 

The R1340 Data Coupler greatly expands system flexibility 
with or without the use of a computer. Through waveform 
digitizing and accurate voltage and timing references it 
brings new measurement capability to dynamic testing. 
Your TEKTRONIX field engineer can help you apply the 
R1340 to solving your measurement problems. 
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TEKNIQUE: 



THE 7D14 COUNTS CURRENT 
TO MINIMIZE CIRCUIT LOADING 

by Emory Harry, Field Engineer 





Fig. 2 The 7D14 Counter piug-in with P6041 / CT-1 Probe 



The 7D14 is a 525 MHz direct-reading counter. Circuit 
loading is often a problem when coupling to circuits oper- 
ating in this frequency range. Often it is possible to use 
a current probe to couple the signal to be counted to the 
7D14 and realize much less loading. No electrical connec- 
tion is made and the current probe heads are not grounded, 
therefore, the possibility of accidental grounding is also 
avoided. 

The current probe which offers the most performance 
coupled to the 7D14 is the P6041/CT-1, This combination 
makes available the full 525 MHz bandwidth of the 7D14, 

Pictured at left above is a simplified circuit of the CT-1 
Current Transformer. It has a frequency response of 35 
kHz to 1 GHz with a sensitivity of 5 mV/mA when operat- 
ed into 5Qo . It can be used with either the 50 or iMo 
input impedances of the 7D14; however, the insertion 
impedance is lower when the 50 r> input is used (iQ shunt- 
ed by 5 uH vs 2o shunted by 5 uH). 

The capacitance added to the conductor when passed 
through the CT-1 is determined primarily by the wire size. 
It will be 0.6 pf for No. 20 bare wire and 1,5 pf for No. 
14 bare whe. This capacitance and the inductance of the 
conductor form a transmission line with Zo of approxi- 
mately 50 Q for No. 14 wire and approximately 100 1 > for 
No. 20. 



The maximum voltage on the circuit under test is limited 
to 1000 V DC and the RMS current to 100 A peak with 
an amp-second product of lA-us. When the amp-second 
product is exceeded, the core saturates and the output of 
the CT-1 falls to zero. 

Since the input sensitivity of the 7D14 is 100 mV and the 
sensitivity of the CT-1 is 5 mV/mA it can be seen that 
approximately 20 mA must be flowing through the circuit 
under test to drive the counter. 

The IMo rather than the 50 <> input of the 7D14 can 
be used to effectively double the sensitivity of the CT-1, 
however, the insertion impedance also doubles. When op- 
erating the probe into the IM p input of the 7D14 it is 
only necessary for 10 mA to be flowing in the circuit under 
test. 

If the signal current is less than 10 mA, the wire can be 
looped through the CT-1 more than once if the conductor 
is small enough. The insertion impedance will go up ap- 
proximately as the square of the number of times the wire 
is looped through the CT-1. For example, five loops will 
result in an insertion impedance of about 50 p when oper- 
ating into the 1 Mp input. 
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SERVICE SCOPE 

A PRACTICAL APPROACH TO REGULATED POWER SUPPLIES AS OPERATIONAL AMPLIFIERS 

By F.J. Beckett Engineer 



From time to time, Service Scope articles are ivntlen ivith the 
intent of broadening tl}c technicians understanding of basic cir- 
cuits used in TEKTRONIX oscilIosco;)es rather than discussing 
troubhmhooting techniques. Such is the intent of this article on 
regulated power supplies. 

Most sophisticated electronic equipment uses some form of regu- 
lated power supply. Generally speaking, these supplies fall into two 
categories: constant voltage or the constant current form or, in 
some cases, a combination of both types. 

By far the most common is the constant voltage type. A constant 
voltage generator is defined as “a two-tenninal circuit element with 
a terminal voltage independent of the current thi'ough the element” 
(extract from the I.R.E. Dictionai^ of electronic terms and sym- 
bols). This definition implies that a constant voltage generator has 
a zero source impedance. 

Source impedance is that impedance we see looking back into the 
output terminals. In the strict sense of the definition, we cannot 
build a power supply whose output impedance is zero. 

At this point, we must ask the question, why does it matter if 
the output impedance is not close to zero? To answer this question, 
let us look at an amplifier and its power supply (Fig. 1). We see 
that the power supply output impedance (Zo) appears in series with 
the load resistance (Rl) of the amplifier. If Zo is not low, the result 
will be that the power supply will not deliver a constant voltage 
but will vary with Is. 




Fig. 1 Equivalent circuit showing that the output impedance of the 
power supply appears as part of the load. 

We should keep in mind that in oscilloscopes, the varying load 
presented by the sweep, trigger, unblanking and other circuits could 
generate an Is of several hundreds of milliamps on a peak -to -peak 
basis. This calls for a supply having not only a low output impe- 
dance, but it should be capable of handling wide variations in load 
as well. 



A power supply employing feedback principles provides an ideal 
solution. It can accommodate varying loads and the output impe- 
dance can be made very low. 

Let’s take a look at the low voltage power supplies in the 453A 
(Fig. 3). A careful examination of the feedback networks in the 
amplifier portions of the circuitry shows that these are, indeed, 
operational amplifiers. A simplified equivalent circuit is shown at 
the right of each supply. 

Before analyzing these supplies in detail, we need to consider 
operational amplifiers in general and examine some of their limita- 
tions. Shown at right is a DC analysis of the inverting and non-in- 
veiting type of operational amplifier. The analysis suggests that 
the most important parameter to be considered is the open-loop 
gain (Aol). If Aol is high, then the feedback resistors (Rf and 
Ri) are the sole factors determining the amplifier closed- loop gain. 
Further, we see from equation (2) that with Aol very large, Es 
will be vei 7 small (in the order of a few millivolts) and so Eout 
will be essentially proportional to Em. 

OPERATIONAL AMPLIFIER LIMITATIONS 

At lower right are typical plots of Aol in teims of frequency and 
output impedance (Zo). We see that if we are to achieve a tme 
constant voltage power supply, Aol must be infinite. This is not 
possible, of coume, but we can approach the ideal situtation at 
frequencies approaching DC. However, note that as the signal 
frequency increases two things happen: open-loop gain decreases 
and output impedance increases. The result is that we do not have 
a constant-voltage supply at all frequencies. Since the power supply 
is a common meeting point for many circuits, the variations in 
supply voltage caused by high-frequency circuit loads are coupled 
into other circuits and cause problems. This coupling can be mini- 
mized by filters and decoupling networks but is still a pei’sistent 
problem to circuit designers. 



TYPICAL CONSTANT VOLTAGE SUPPLIES 

Let us now turn our attention to the more practical aspects of 
the constant voltage power supply. In analyzing a power supply 
circuit, we must firet recognize the type of regulator and its control 
amplifier. At upper right are the two types of regulator circuits 
common 13 ^ used, the series type and the shunt type. The most 
common is the series regulator for the reason of the power dissipat- 
ed across the regulating element. 

Once the type of regulator is determined, it then becomes an 
exercise to recognize the type of feedback amplifier involved and 
the feedback networks. 
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Let’s look again at the low voltage power supplies for the 453A 
(Fig. 3) and analyze them as operational amplifiei-s. 

-1-75 VOLTS SUPPLY AiSlALYSIS 

Fig. 3(a) shows the +75 volt supply in its simplified form. Recog- 
nize that this supply is a series regulator, Q1197 and Q1193 being 
the series element, with Q1184 the regulating amplifier (operating 
as an inverting amplifier). Notice we consider R1182, 250 Q poten- 
tiometer at mid range, half of R1182 is with Rf and the other 
half with Ri. R1182 is adjusted for the final value of +75 volts. 



so finally 

Rf 

E)n Rj 

Eo _ 15511 

_i0.43 “ 1355 

4-10.43 X 1550 ^ 

■ — -! volts 

1355 

= 411.93 volts 

A slight adjustment of R1152 will bring Eo to exactly +12 volts. 



Ein is the DC reference voltage for the supply. 



So 



Rp = 15800Q 4 1250 in parallel 
with 75OOO0 
1313 0ns 

and Ri =- 2000o 4 125o 
21250 

^ _R, 

■ • E.h it 

Eo __ 1313 0 

iri2 2125 

Eo =- 12 X 1313 0 
2125 



-12 VOLTS SUPPLY ANALYSIS 

Fig. 3(c) shows the -12 volt supply in its simplified foim. Q1137 
and Q1133 are the series regulating elements. Q1124 and Q1114 
are the regulating amplifier. Notice that the simplified form is 
of the non-inverting type of operational amplifier. This is not so 
apparent at first glance and is determined by the fact that the 
reference voltage (Ein) is a negative voltage and results in a nega- 
tive output voltage. However, the feedback loop is connected to 
the opposite input of the amplifier and any change in output 
voltage is amplified and inverted to move the output back to its 
original level. Em in this case is the reference voltage provided 
by the zener diode VR1114. R1122, the 250 pot is the -12 volt 
adjustment, so as before, we identify Rf and Ri. 



74.2 volts 



So 



A slight adjustment of R1182 will bring Eo to exactly +75 volts. 



Rp 453C] 4 125Q 
= 5780 



+ 12 VOLTS SUPPLY ANALYSIS 

Fig. 3(b) shows the +12 volt supply in its simplified form. We 
proceed along the same lines as we did in the + 75 volt analysis. 
Q1167 and Q1163 are the series regulator elements while Q1154 
is the regulating amplifier, once again the inverting type. R1152, 
lOOo pot, is the adjustment for setting the supply to + 12 volts. 
Consider R1152 set at mid range, half of which is associated with 
Rf while the other half we find associated with Ri. However, the 
values of Ri and Em are not so apparent here. We must first 
calculate these values. Ri is Thevenin’s equivalent resistance, while 
Ein is the Thevenin equivalent voltage to the left of the dashed 
line. 

So (1330 4 50) X 75000 

U330 4 50) 4 75000 “ 

1355 OS 

87 X (1335 4 50) , . 

and Ein 12 + ^ ^ s 

== _12 4 1.57 
= -10.43 volts 

now Rp = 15000 + 50o 

= 15500 



hence 



R, = 15800 4 1250 
= 17050 




Ri 



I2. 

-9 



1 



578 

1705 



2283 

1705 



Eo -9 X 2283 
1705 

= —12.05 volts 



A slight adjustment of R1122 will bring Eo to exactly -12 volts. 



CONCLUSION 

In summaiy, we find that the typically high open-loop gain and 
low output impedance of operational amplifiers make them ideal 
for use in achieving a constant voltage power supply. They do, 
however, have limitations as to the range of frequencies over which 
they can maintain a constant output voltage. 
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A PRACTICAL APPROACH 
TO TRANSISTOR AND 
VACUUM TUBE AMPLIFIERS 



BY F. J. BECKETT 
TEKTROMIX, IMC. 

ELECTRONIC INSTRUMENTATION GROUP 
DISPLAY DEVICES DEVELOPMENT 




Two articles published in past issues of Service Scope contained information that, in 
our experience, is of particular benefit In analyzing circuits. The first article was “Sim- 
plifying Transistor Linear-Amplifier Analysis" (issue #29, December, 1964). It describes 
a method for doing an adequate circuit analysis for trouble-shooting or evaluation pur- 
poses on transistor circuits. It employs "Transresistance" concept rather than the compli- 
cated characteristic-family parameters. The second article was "Understanding and Using 
Thevenin's Theorem" (issue #40, October, 1966). It offers a step-by-step explanation on 
how to apply the principles of Thevenin's Theorem to analyze and understand how a 
circuit operates. 

Now we present three articles that will offer a practical approach to transistor and 
vacuum-tube amplifiers based on a simple DC analysis. These articles will, by virtue of 
additional information and tying together of some loose ends, combine and bring into 
better focus the concepts of "Transresistance." 








Part 1 

THE TRANSISTOR AMPLIFIER 



Tubes and transistors are often used to- 
gether to achieve a particular result. Vacu- 
um tubes still serve an important role in 
electronics and will do so for many years 
to come despite a determined move towards 
solid state circuits. 

Whether a circuit is designed around 
vacuum tubes or transistors or both, it is 
important to recognize the fact that the 
two are in many ways complementary. It 
is wrong to divorce vacuum tubes and 
transistors as separate identities each pe- 
culiar to their own mode of operation. 
Indeed, as this series of articles will show 



there is an analogy between the two. It 
is true of course, that the two are entire- 
ly different in concept; but, so often we 
come across a situation where one can be 
explained in terms of the other that it is 
very desirable to recognize this fact. 

Transistor and vacuum tube data give us 
very little help in the practical sense. Pa- 
rameter Curves and electrical data show 
the behavior of these devices under very 
defined conditions. In short, they are more 
useful to the designer than the technician. 
We are often reduced to explaining most 
circuits in terms of an ohms law approach ; 



so, it seems pointless not to pursue this ap- 
proach to its logical conclusion. 

In this first article 'we will look at a 
transistor amplifier as a simple DC model ; 
and then, in the second article, look at a 
vacuum-tube amplifier in a similar light. 
We will assume that both devices are op- 
erated as linear amplifiers and then use 
the results in a practical way. 

One must bear in mind that this ap- 
proach cannot be assumed in all cases. 
It is, as it is meant to be, a simple analy- 
sis but the results will prove to be a valu- 
able tool in trouble-shooting and under- 
standing circuits. 



Let us consider the general equation for 
current through a P.N. diode junction. 



I = lo 



where V — applied volts 
lo = reverse bias current 
o = constant between 1 & 2 



and Ve = 



where k = Boltzmans 



Const., 1.38x10“"^ Joule/°Kelvin 
T = absolute temperature in degree Kel- 
vin at room temperature, i.e., T = 300 
q electronic charge 1.602 x 10"’“ Cou- 
lomb. 

300 

Ye = ^ = 0.026 volts 



OBJECTIVE 

The objective of this paper is to present 
a practical approach to Transistor and 
Vacuum-tube amplifiers based on a simple 
DC analysis. 

The articles will be published in the fol- 
lowing sequence. 

1. The Transistor Amplifier. 

2. The Vacuum-tube Amplifier. 

3. An analysis of a typical Tektronix hy- 
brid circuit (Type 545B vertical) based 
on conclusions reached in (1 ) and (2) . 

As a corollary they will bring forward 
some important relationships between vacu- 
um tubes and transistors. 




0 oa 0.4 0.6 0.8 !.0 V 

THE FORWARD VOLT-AMPERE CHARACTERISTICS 
OF A GERMANIUM AND SILICON DIODE 

Figure 1. 

Figure 1 shows a typical forward volt/ 
amp characteristic for germanium and sili- 
con diodes. Figure 2 is a plot of the col- 
lector current or the base cqrrent versus 
the base-to-emitter voltage of a transistor; 
point A on this curve is a typical operating 
point. 




Figure 2. Line (1) is a plot of the base cur- 
rent versus the base-to-emitter voltage {Vbe). 
Line (2} is a plot of the collector current 
versus the base-to-emitter voltage (Vbe). Point 
“A” is a typical operating point. 



One is quite justified in looking at a 
transistor in terms of the two-diode con- 
cept, refer to Figure 3. Therefore, assum- 
ing diode A to be forward biased and di- 
ode B to be reverse biased, as would be the 
case if we were to operate the transistor 
as a linear amplifier, the current through 
diode A will conform to equation (1). 
Let us take a closer look at Figure 2. 

We define conductance in the general 
case as 



I 




and therefore at our operating point “A” 
the dynamic conductance 




Figure 3. Illustration of the two-diode con 
cept of a transistor. 
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but I >> lo then g' = — ~ — 

pVo 

tor g' = mhos (4) 

' ^ 0 . 026 p 

The term “p” takes into account the re- 
combination of carriers in the junction re- 
gion. It is approximately unity for ger- 
manium and approximately 2 for silicon. 
At a typical operating point this term can 
usually be neglected. Therefore, we may 
say that 

g' = — if I is in milliamps. (5) 
26 

Now resistance is the reciprocal of con- 
ductance and therefore the value of con- 
ductance at point “A” can be given in terms 
of resistance 

26 , 

l-e ^ ^ 

This resistance (r,,) is commonly known 
as the dynamic emitter resistance. 

At this point we will depart from our 
simple model and look at the transistor in 
another form; but, bear in mind our first 
thoughts. Transistor parameters are derived 
from various equivalent circuits depending 
upon the configuration i.e., common emitter, 
common base, or common collector. We will 
not consider any detailed analysis in this 
approach ; but, to understand the approach 
•r is necessary to know how these param- 
ers are derived. It will be simple enough 
to derive another set of parameters once 
we have our basic model constructed. 

The simplest and easiest equivalent cir- 
cuit of a transistor is the “Tee” equivalent. 
It is a very good approximation about the 
behavior of a transistor, especially at DC 
and low frequencies. We can also represent 
either the common emitter or the common 
l)ase simply by interchanging Ri, and Re. 
Figure 4 is a “Tee” equivalent circuit of 

®<Je 



r<X>n 




BASE 



COMMON BASE 



*=»<Ie 




COMMON EMITTER 

Figure 4. “Tee" equivalent circuits for the 
common-base and common-emitter configura- 
tions of transistors. 



the common emitter and the common base 
configurations. 



Firstly, let us define the term ^ (the 
small -signal current gain) as 



AL- 

Al 



and since Ib = Ic -)- Ii> 



then Ik 



I. (1+^) 



( 8 ) 



usually ^ >> 1 then Ik ^ Ic 

Equation (8) shows us that only of 

the emitter current flows into the base. 
Hence, it is reasonable to suppose that any 
impedance in the emitter, when viewed from 
the base, will be p times as great; and, 
any impedance in the base, when viewed 
from the emitter, will be p times as small. 
That is to say, the dynamic resistance mul- 
tiplied by p must equal R., in our equiva- 
lent “Tee” circuit. 



Hence R,. ^re 



Our equivalent circuit shows a resistance 
Rb. This resistance is known as the base- 
spreading resistance. It is a physical quan- 
tity and can be expressed in terms of resis- 
tivity associated with the base -emit ter j unc- 
tion. It can vary between a few ohms to 
luindreds of ohms, depending upon the type 
of transistor ; and therefore, must be taken 
into consideration. Looking into the emitter 
we see it as an impedance whose value is 
divided by fS and appears in series witli 
the dynamic emitter resistance (r,.). Hence 
the emitter current encounters an impedance 
in the base/emitter junction which is equal 
to the sum of the dynamic resistance plus 



Rb 

T 



, the latter term we will designate R,- 



and the sum of these two resistances we 
will designate Rt. 



Hence Rt — r,. + Rr (9) 



The value of Rr can vary anywhere be- 
tween 2t2 to 2412 depending on the value 
of Rb. Rb is difficult to measure and rare- 
ly given in electrical data on transistors. 
A figure of 250 12' s is a typical value at low 
frequencies. Therefore, if ^ were 50 then 
Rr would be 5 12’ s. 



Now if we look into the base in the com- 
mon emitter or the common collector con- 
figuration it is reasonable to suppose we 
will see the resi.stance (Rt) — plus any other 
impedance which may be wired to the emit- 
ter terminal — multiplied by p, then 
R,„ - /?(Rt + Rk) (10) 

where Rk ~ the external emitter resistance. 

If Re >> Rt then Ri„ = ^Re 

So far we have had very little to say 
about Re shunted by the current generator 
oc Ik. If our equivalent “Tee” circuit con- 



sisted of resistances alone, it would be pas- 
sive; i.e., it could supply no energy of its 
own. But a transistor can amplify energ>^ 
to the signal. To represent this we have 
shown a current generator shunting Rc. 
The value of Rc will depend on the circuit 
configuration; i.e., tens of kilohms for a 
common emitter configuration, to many 
megohms for a common base configuration. 
In our approach it is not necessary to pur- 
sue this matter any further since we will 
not be considering a transistor in any ex- 
treme condition. 

Now in a more practical sense, let us 
look at Figure 5, a typical common -emit ter 
configuration. 




Now we will assume Rc >> Re. 
Now by inspection 



E„„t =: Vec - TcRr. 


(11) 


hence aEoiu = — AL-Ri- 


(12) 


The input impedance we see 


looking into 


the base of a transistor in the common emit- 


ter configuration is 




Rn. = /?(Re + Rt) 


(10) 


AVbb 

also Alb — 

Rin 




AVbb 


(13) 


/3(Re + Rt) 


we also recall that 




Ale 


(7) 


hence Ale = j3A^h 


(14) 


Therefore substituting equation (13) in 


equation (14) 




T ^ AVbb 

^ ~ ^^(Rk + Rt) 


(15) 


and from equation (15) 




AVbb — Ale (Rb + Rt) 


(16) 



3 




we define the voltage gain as 



A{v) — 



AEoui 

AVbb 



Then from equation (12) and equation 
(16) 



A(v) - 



Alo Rl 

Ale (Re + Rt) 



Rl 



Re + R, 



(17) 



and if Re >> Rt then 



A 



(V) - - 



Re 



(18) 



If we analyze the common-base configura- 
tion in a similar manner we arrive at the 
same result with the one exception that the 
sign is positive. 



The conclusion we can draw from this 
analysis is that the gain of a transistor stage 
is set by external conditions provided that 
tlie emitter resistance is sufficiently great 
enough to “swamp” our internal resistance 
(Rt). In the absence of an emitter resist- 
ance 



There is one very important fact we 
must remember about Re. Re will be that 
impedance in which the signal current will 
flow to the AC ground. We define an AC 
ground point as that point in a circuit at 
which the power level of the signal has been 
reduced to zero. 

We normally encounter three tyi)es of an 
AC ground: 



1. An Actual AC Ground. 

This is the chassis point or the DC 
ground point. It is as well to remember the 




Figure 6. Mlustrating the three types of AC 
ground normally encountered in electronic cir- 
cuits. 



power supply can be placed in this category 
so far as the signal is concerned. 

2. An Apparent AC Ground. 

The apparent AC ground may be repm 
sented by any point in a circuit which acts 
as to represent a low impedance between 
that point and the actual AC ground thereby 
bypassing the signal to an actual AC ground. 
A large value capacitor is a typical example 
should one side be returned to an actual AC 
ground. 

3. The Virtual AC Ground. 

The virtual AC ground point is perhaps 
the most difficult to recognize. It may best 
be explained as that point in a circuit where 
we have two signals of equal amplitude and 
frequency but exactl}' opposite in phase. 
Figure 6 will help clarify these points. 

Figure 8 summarizes the results of our 
DC analysis of the common emitter, com- 
mon base and common collector. 




Figure 7. We define the parameter Rc in the common-base “Tee" configuration as; 

A Vec 1 ohms 

A 1 

Where AVee is the change in the collector voltage because of the change in collector current Ah, 
when we hold the emitter current 1 e constant. 

Once the collector becomes saturated, the change in Ic is very small for a large change in Vce. 
Hence, Rc is a very large resistance and does not modify the DC equivalent circuit to any extent. 
For this reason it was omitted from Figure 8. Therefore; Rout — Rl (Common Base). 
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BASIC CIRCUIT 



EQUIVALENT CIRCUIT 



EQUATIONS 



REMARKS 



COLLECTOR 



Gain = A(v)= - 
Rin= pRt 




EMITTER 



COMMON EMITTER 



A resistance (Re) between the 
emitter terminal of the transistor 
to the AC ground will modify the 
gain equation and the input im- 
pedance; then, 

= - rT+TT 

^ (R, + RJ. 



EMITTER 



COLLECTOR 




Gain = A(v)=-I--^ 
Rin= Rt 
Rout= R|_ 



The equivalent resistance ReU 
between the input signal source 
and the emitter terminal of the 
transistor will modify the gain 
equation and the input imped- 
ance as seen from the signal 
source; then. 



rTT^i 




COMMON BASE 



p(RE+Rt)$ 



EMITTER 



6ain= am= Re 

Re+Rt 
Rin = P (Re -I- Rt) 

Rout= (Rt-l-i) in 
P 

parallel with 



COLLECTOR 



The actual value of R,y. will de- 
pend on what resistance is con- 
nected to the base. Let us assume 
the base is directly coupled to the 
preceding stage. The equivalent 
output impedance of the preced- 
ing stage becomes the numerator 
over beta in the second term In 
the parenthesis and the output 
impedance of the stage under 
consideration R^t is modified ac- 
cordingly; e.g., if the output im- 
pedance of the previous stage is 
lOOOn, then 

1000 

Rout ~ (Rj + — n — ) in parallel 



COMMON COLLECTOR 



Figure 8. 



5 











PART 2 

THE VACUUM TUBE AMPLIFIER 



In the previous article (Part I, “The 
Transistor Amplifier) of this series, it 
was shown that the gain of a linear tran- 
sistor amplifier is set by external condi- 
tions. The same reasoning can also be 
applied to vacuum tubes. The equivalent 
circuit of a vacuum-tube amplifier is shown 
in Figure 9. The current that is produced 
in the plate circuit by the signal (£«) act- 
ing on the grid is taken into account by 
postulating that the plate circuit can be 
replaced by a generator, — /iEk having an 
internal resistance (rp). We may also 
consider a vacuum-tube amplifier in terms 
of the constant -cur rent form by replacing 
the voltage generator in the constant -volt- 
age form with a current generator (gm E-) 
shunting the internal resistance (rp). 

These two approaches are valid in every 
respect but they do not convey mucli to 
us in the practical sense. Let us now con- 
sider a vacuum-tube amplifier from an- 
other approach. 

In an amplifier which has its grid ref- 
erenced to ground all plate-circuit imped- 
ances, Rl and rp, when viewed from 
the cathode are multiplied by the term 

; — - . Also, by the same reasoning, the 

/i + 1 

cathode impedances when viewed from the 
plate circuit are multiplied by the term 
{fi + 1)' Therefore, the impedance we 
see looking into the cathode must be 

— , where {i equals the amplifica- 

II + 1 

tion factor of the tube. 

Hence it is reasonable to suppose that 
the voltage Ec, reference Figure 10, appears 
across this impedance we see looking into 
the cathode. 






A B 



Figure 9, Illustrating the more familiar equivalent circuit of a vacuum tube amplifier. 

(a) The constant voltage generator form or the Thevenin equivalent. 

(b) The constant current generator form or the Norton equivalent. 



The Triode Ainplifier {Grounded Cathode) 



We will now look at a triode amplifier 
in terms related to our equivalent circuit. 
The common component is of course, the 
plate current. The change in this current 
due to tlie action of a control grid will 
determine the output voltage across the 
load impedance (Rl)- 



Now E;,. “ Ee + Ek 
That is to say 

r>-p + Rr.‘ 



E. = I„ 



p + 1 J 



+ I„Ru 



(19) 



Or, E„ = I„ 




(20) 


Also, Ebb — Eb “1“ Ep -|-Ek 


(21) 


or Eb = 


Ebb — Ep — Ek 


(22) 


and Ep = 


-IpRl 


(23) 


We define the voltage gain A(v) 


as 


A - 

A(v) — 

E» 




(24) 




We now have arrived at an equation 
for gain which is a ratio of impedances. 
The same approach may be applied to the 
grounded-grid configuration and we arrive 
at a similar result, except the sign is posi- 
tive. 



Thr Teei.uir Amriijicr 

In the triode amplifier all tlie cathode 
current will flow through the output load 
impedance (Rl). However, in the case of 
the pentode and other multigrid tubes, some 
of this current is diverted into the screen. 
Equation (23) defines the output voltage 



in terms of the plate current. Therefore, 
to derive the actual gain figure we must 
determine the actual amount of cathode 
current which will finally reach the plate 
and become signal current. This figure 
can be arrived at from a graphical anal 3 '- 
sis of the mutual -conductance curves. In 
most cases, about 72% of the cathode cur- 
rent reaches the plate to become signal 
current. A typical example is a type 12BY7 
pentode. However, this figure can be as 
high as 90% for some types — for example 
a 7788 pentode. The ratio of the plate cr 
rent (Ip) to the cathode current (Ik) is i. 

plate efficiency factor, i.e., 7/ ^ 

Ik 

Now let is reexamine what effect this 
fact must have on the gain of a pentode 
amplifier as compared to a triode ampli- 
fier. The impedance we see looking into 
the cathode of a pentode is the same as for 
a triode. 



That is 



rp + Rl 

M + 1 



liowever rp >> Rl and therefore Rl can 
usually be neglected in this equation. 



That is to say — ; — ™ 

/t + 1 gm 

and since conductance is the reciprocal of 
resistance we will call this impedance rk. 



i.e. 



I'k — 




(26) 



We have seen that the gain equation of 
the triode amplifier is defined in terms of 
the parameters fx and rp. We should not 
lose sight of the fact that (i and rp are 
related to the plate current and therefore 
when these parameters are transferred to 
cathode dimensions these terms must ’ 
multiplied by the plate efficiency factor ( 
That is to say the impedance we see look- 
ing into tlie cathode rk must be multiplied 
(v)- With these facts in mind let us 
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now derive the gain equation for a pentode 
amplifier. 



recall that: 

Ebb - Ep -Ek (22) 

and Ep = — IpRl (23) 

also E, := Ec + Ek (19) 

= 7?rJk + IkRk (27) 

but Ik == -E (28) 

V 



Therefore substituting equation (28) in 
equation (27) 



^ ?7rkl,) IpRk 



T? 7} 

= Ip (I'k + 

V 

and since the voltage gain 

A _ 

A(v) — 

_ IpRi. 

Ip (rk +"Rky 



(29) 



(24) 



V 

Rl 



(30) 



V 

The same remarks we made about the ex- 
ternal emitter resistor Rk (refer to Part 
No, 1, The Transistor Amplifier) apply 
eciualb' as well to the cathode resistor, Rk ; 
pely, Rk zvill be that impedance in zvhich 
J signal current zvill flozv to the AC 
ground. 

In the case of the grounded plate (the 
cathode follower) we do not need to con- 
sider the plate efficiency factor if the am- 
plifier is triode connected, therefore, the 
“gain” can be considered in terms of a 
simple divider network which can never 
be greater than unitjc 



A(v) 



Rk 

Rk T 



(31) 



7'he Push-Pull Amplifier 

We can view a push-pull amplifier in a 
similar light hy recognizing the existence 
of a virtual AC ground point between the 
cathodes of V(d and V(-) as shown in Fig- 
ure 11. Therefore, the gain of a push-pull 
triode amplifier will be: 

(32) 

^ Rlo) T Ri-a*) 

rk(i) rk(L>) -\- Rk(i) Ek(2) 

where subscripts ( 1 ) and ( 2 ) are associ- 
ated with V(i) and V(-). 

And if : 



Rk(i) — Rk{2) 



and rk(i) = I'ko) 

which is usually the case; then, 



A(y) — 



Rl(i) “1“ Ri-(2) 
“2?7+'“2R;' 



(33) 



Where i*k = (either V{d or V( 2 >) 

fi -f 1 

and Rk === Rud) or Rk{ 2 > 

With a push-pull pentode amplifier we 
must consider the plate-efficiency factor 
(??). Therefore, 

(34) 

Ri.(i) + Rl(2) 



A(v) pentode = 



where rk 



1 



2i-k + ^ 

V 

either V(d or V( 2 ) 



gm 

Rk = Rk(i) or Rk( 2 ) 

7) — plate-efficiency factor of ei- 



ther V(i) or V( 2 ). 



The Cascade Amplifier 

The cascode amplifier fundamentalh' con- 
sists of two tubes connected in series, see 
Figure 12 . Normally we usually fix the 
grid of V ( 1 ) at some positive voltage. 



The key to understanding this type of cir- 
cuit is to consider V( 2 ) as a voltage-activated 
current generator. All the current delivered 
by V( 2 ) passes through the output load im- 
pedance Rl. a 113^ change in voltage appear- 
ing at the grid of V{ 2 > appears as a change 
in current across Rl. We can derive the 
gain equation in the same as we did 

for a pentode amplifier. There is no need 
to consider ( 77 ) if both tubes are triodes. 



A(v) (stage) = 
where i*k( 2 ) = 



Rl(i 



Rk(2) 4" Tk(2) 
1*11(2) 



(35) 



i«(2) + 1 

1 

gm(2) 



where the subscripts ( 1 ) and ( 2 ) are as- 
sociated with V(i) and V< 2 ). 



One of the advantages of this type of 
circuit is that the internal impedance whicli 
shunts Rl is extremely high. 

In this respect the triode cascode ampli- 
fier closely approximates a pentode ampli- 
fier. If we compare the plate-current versus 
pi ate -volt age curves of both devices we 
see a close resemblance. 



Til e PI ;v b rid Case 0 d e A. ■; ? ip / if i e r 

Figure 13 is a typical configuration con- 
sisting of a vacuum tube Vi and a tran- 
sistor, Qi, connected in series. We can 
apply much the same approach as we did 
for the cascode vacuum-tube amplifier. Let 
us assume the base to emitter junction of 
Qi to be forward biased. The collector cur- 
rent of Qi becomes the plate current of 
Vi. Therefore, any change occurring at 
the base of Qi is reflected as a change in 
plate current in Vi. 



+ Ebb 




Figure 11 . A typical push-pull triode amplifier. 
We normally encounter two virtual AC ground | 
points between the cathodes Vi and V2. It may 
be necessary to consider the effect of the virtual 
AC ground point at the junction of Ri and R2. 
If Rl or R2 is large in value compared respectively 
to Rk{i) or Rk(2) then we can neglect this virtual 
AC ground and consider Rk in terms of Rk(i) or 
Rk(2). However, if this is not so, Rk will be the 
parallel combination of Rk(i) and Ri or Rk(2) and R2. 




Figure 12 . Illustrating a cascode amplifier using 
two triodes. 



+ Ebb 




Figure 13 . A typical hybrid cascode amplifier 
using a transistor and a vacuum tube. 
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BASK CIRCUIT (TRIOOEl 



EQUIVALENT CIRCUIT 



EQUATIONS 






PLATE 



GAINsA(y) 



GAIN = A(v)= + 



>tt+l 



R|NbR)(-|- 

M+\ 



Rl 

rk + Rk 
7 



Rl= load resistance 

Rk = CATHODE RESISTOR 
(Refer Text) 

ij = PLATE EFFICIENCY 
FACTOR 



TRIODE PAIR 
Gain=A(v)= 

Where: 

fk = 



Rlcd+Rliz) 

2rk+2Rk 

rp-l-RL 

M + \ 



Gain= A(v) * . . ^ , . 

"" f|j( 2 ) + Rk( 2 ) 

Where: 

gm(2) 



PENTODE PAIR 

RLU)+RL(21 

2fK+^ 

where: rK =-^ V* 
Subscripts (Dandce) are 

ASSOCIATED WITH V|ANDV2 



-rT^ 

Where: 

R|_= LOAD RESISTANCE 

m Rf = fe+ Rr 

» Re= EXTERNAL EMITTER 
RESISTANCE 

* REFER PART I 

"THE TRANSISTOR 
AMPLIFIER'* 
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Figure 16 











We recall (Part 1, The Transistor Am- 
plifier, Eq. 10) that the input impedance 
3 ve see looking into the base of a transistor 
\the common-emitter configuration is: 

^ (R,, + R,) (10) 

Now Ein = IbRjn 

= I, /3(Re + Rt) (36) 

also ^ = — — 
lb 

or Ic = ^ Ib (37) 

therefore substituting equation (37) in 

equation (36) 

E,n = Ic (Re + Rt) (38) 

now the collector current Qi becomes the 
plate current of Vi. Then, 

Ein = Ip (Re + Rt) since Ip = Ic (39) 

also Ep = — IpRe (23) 

and since 

E, 

A(v) (stage) = 



then from equations (23) and (39) 



A(v) (stage) 



IpRi. 

Ip (Re + Rt) 



Rl 

Re + RT 



(40) 



If the vacuum tube is not a triode but 
some other multigrid tube such as a pen- 
tode, the gain equation will have to be 
multiplied b}^ the plate efficiencj^ factor 
(^)- 

Tlie same remarks concerning the out- 
put impedance of the vacuum-tube cas- 
code amplifier can be applied to the hyl)rid 
counterpart. 



We have shown that the gain of a linear 
amplifier, transistor or vacuum tul)e, is a 
ratio of impedances. We can, of course, 
derive the gain equations for both devices 
in terms of mutual conductance. In fact, 
if we compare the transfer curves of both 
devices. Figure 14, we see a striking simi- 
larit}'. ViiE and E*; can be thought of in 
the same terms and in like manner Ip and 
Ic perform identical functions. Our analy- 
sis of both devices has shown that this 
fact is not coincidence. 

It is not unreasonable to say that when we 
compare the cathode- follower (grounded- 
te) against the common-collector con- 
,hi'‘dion, Figure 15, we can think of botli 
devices as being identical in operation — 
differing only in concept. The same argu- 
ment can be put forward about the com- 




TRANSFER CHARACTERISTIC 
OF TYPE 6DJ8 / ECC88 



CO 

UJ 

tr 

Ui 

CL 

S 

< 



UJ 



Figure 14. The transfer characteristic curves of 
traflng the basic similarity between vacuum tubes 




TRANSFER CHARACTERISTIC 
OF TYPE 2N408(PNP) 

a vacuum tube (6DJ8) and a PNP transistor (2N408), illus- 
and transistors. 



+ Ebb 



+Vcc 





Rout = rk in porallei 
with 



Rout =(Rt+-~)ln parallel 
r with 



Figure 15. The analogy between the cathode follower {grounded plate) and the emitter follower (the 
common collector) in terms of “gain" and output impedances of both devices. 



mon-base amplifier and the grounded-grid 
amplifier. So too, the common-emitter am- 
plifier and the grounded-cathode amplifier 
if we cl lose to ignore the input impedances 
of both devices. 

Figure 16 summarizes the results of our 
analysis of the grounded cathode, grounded 
grid, and grounded plate amplifiers. 

It is not surprising we sometimes find 
ourselves explaining one device in terms 
of another. Nature has a charming way 
of making most things interdependent upon 
one another. Recognize this fact and most 
tasks become a little easier. 
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PART 3 

A DC ANALYSIS 
OF A TYPICAL 
TEKTRONIX HYBRID CIRCUIT 



Asa typical example of a Tektronix, Inc. 
hybrid circuit on which to demonstrate our 
DC analysis, we have chosen the vertical 
amplifier of a Type 545B Oscilloscope. 
This circuit is representative of the hybrid 
circuit one encounters so often in electronic 
instrumentation today. 



The Type 545B vertical amplifier is a 
hybrid push-pull amplifier operating in a 
class A mode. It incorporates a few extra 
circuits such as trigger pick-off amplifiers 
necessary to accomplish its function, but, 
basically it is a hybrid push-pull amplifier. 



To begin our analysis of the amplifier, 
the first thing we must do is select a portion 
of the amplifier circuit which will give us 
the information necessary for us to make 
our first calculation. We are going to 
analyze the whole circuit so we can choose 
our point of entry. The input circuit is as 
good a point as any. Bear in mind that, 
for our purpose, this is not the only point of 
entr>^ Any point on the circuit which wall 
give us useful information would do. 



A quiescent DC voltage of +67 volts is 
the nominal voltage at the output of the 
plug-in amplifiers used in the Type 545 B 
oscilloscope. This voltage appears at termi- 
nals 1 and 3 of Jll in Figure 17, and thus, 
at the grids of V494A and V494B, a 6DJ8 
dual triode. The input cathode follow^er 
(V494 A & B) has a bias of about 4 volts; 
therefore, both cathodes will be at +71 volts. 
The base voltage of Q514 and Q524 is then 
fixed at 71 volts. This sets the emitter 
voltages of Q514 and Q524 at one junction 
drop more negative (they are both NPN 
transistors) than the base. Therefore, the 
voltage at the emitter of Q514 and Q524 is 
70.5 volts. T500 is a small toroidal trans- 
former used for high-frequency common - 
mode rejection. The DC BALANCE Con- 
trol, R495, sets the quiescent condition. We 
mean by this that the trace is centered. 



We have made certain assumptions about 
the bias of a vacuum tube and the base-to- 
emitter voltage drop of a transistor. This 
is quite justifiable since w^e know^ what 
function the device performs. One helpful 
hint about transistors is that you can expect 
a base-to -emit ter voltage drop of about 0.5 
to 0.6 volts for a silicon transistor and 
about 0.2 volts for a germanium transistor. 





Figure 18. The circuit which will determine the DC emitter currents for either Q514 or Q524. (A) — The 
actual circuit as shown in Figure 17. (B) — The equivalent DC circuit considering R517 as two resistors through 
which the individual emitter currents will flow. 



We are now able to calculate the emitter 
current of either Q514 or Q524. The DC- 
emitter current will flow through R515 or 
R516 and into R517 to ground. Since the 
emitter currents of Q514 and Q524 both 
pass through R517, we may think of R517 
being made up of two resistors, each of 
2.6 kR in value, in which tlie individual emit- 
ter currents will flowq refer to Figure 18: 
Therefore, 



Ik (1) or (2) = 



70.5 X 10^ 
2.6277'fO^ 



mA 



= 27 mA 



We can now^ calculate the value of r,., the 
dynamic-emitter resistance, 



I c 



26 26 
LT “ 27 



= 0.96^2 



to this w-e can add our constant, Rr, of say, 
4 R. We recall that : 



Rt = r« + R. (9) 



therefore : 



Rt = 0.96 + 4 — 4.96 n 



or approximately 5 S2. We have now' estab- 
lished the value of the emitter current and 
the value of Rt for Q514 and Q524. 



Our next step is to find the value of Rk. 
We must know' this value in order to calcu- 
late gain. You wall recall that Rk will be 
that impedance through w'hich the signal 
current wall flow to the AC ground. Let 
us take another look at the resistive netw'ork 
betw'een the emitters of Q514 and QS.'^ ' 
The signal currents flowing in this circv, 
will be equal and opposite at tw'o points, 
refer to Figure 19. These points are virtual 
AC-ground points; therefore, the impedance 
seen by the signal current from the emitters 
of Q514 or Q524 wall be the parallel com- 
bination of 15312 and 2712 or approximately 
23 12 to the AC ground points. Hence, Rk 
for Q514 or Q524 will be 2312. 
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We have now calculated from this part of 
the circuit all of the information we need 
to progress further into the circuit. Let us 
turn our attention to the circuit around 
Q513 and Q523. The first thing we notice 
is that the base of Q513 and Q523 are tied 
together at an AC-ground point. You will 
recall that the impedance we see looking 
into the emitter of the common-base con- 
figuration is Rt. In order to calculate 
Rt we must, of course, calculate To and add 
our constant for Rr of 4J2; re will be a 
function of the actual value of current flow- 
ing into the emitter, 27 milliamps has been 
set in the emitter circuit of Q514 and Q524; 
but not all of this current will flow into the 




emitter of Q513 and Q523. 11.5 milliamps 
will flow through R510 and R527, refer 
to Figure 20. The actual value of current 
into Q513 or Q523 will be 15.5 milliamps. 
Therefore, the impedance (Rt) we see look- 
ing into the emitter of Q513 and Q523 will be 



There is one point we should make clear 
here. We have assumed a value of 4 
for Rr which you will recall is equal to 
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Rr can vary from between 2J2 to 



24 R depending upon the type of transistor 
(refer to Part 1, “The Transistor Ampli- 
fier” SERVICE SCOPE #42, February 
1967). This is one of those few times we 
should be really a bit more specific about 
assuming a value of Rr. The sum of the 
impedances 5.68 and 90.9 should be equal 
to 93 n since our delay line is a 186 balanc- 
ed line. Therefore, we have a difference of 
3.58 between the theoretical value and the 
calculated value, or an error of approxi- 
mately 3.7%. This error has been due in 
part to our presupposed value of Rr to be 
4S2. Such an error could not be tolerated 
in design work but it is acceptable here for 
our purpose of DC analysis. Bear this limita- 
tion in mind when you apply this analysis. 



There is another point we must clear up. 
What is the load impedance of the hybrid 
cascode amplifier Q514, V514A or Q524, 
V514B? Clearly it will be that impedance or 
impedances connected from the plate of 
V514A or V514B to the AC ground. We are 
using a balanced delay line of 186 12, (93 12 to 
a side), referenced to the AC ground. There- 
fore, the delay line impedance (93 12) must 
shunt R511 in series with Rt (or R526 in 
series with Rt) making an effective load 
impedance of approximately 47 12 in the plate 
circuit of V514A or V514B. We now have 
all the necessary information to calculate 
the gain to this point. 



A(v) 



Rl(i) + Rl(2) 

Re(i) + Re ( 2) -|- Rt(i> + Rt{2) 



The trigger pick-off amplifier Q523 is 
one part of a transistor cascode amplifier. 
The input stage is Q514 and Q524. Normally, 
the gain of a transistor cascode amplifier ^ 
the ratio of Rl to Re + Rt. The gain in tl. 
case must be multiplied by 0.5 for the fol- 
lowing reason. The signal current is equal ly 
divided at the plate of V514B, half of the 
signal current will flow through the delay 
line impedance (9312) and the other half 
through R526 and finally through the load 
impedance of Q523. The load impedance will 
be that impedance which is connected to the 
AC ground. The collector of Q523 is con- 
nected to the base of Q543. The impedance 
we see looking into the base of Q543 is 



R.„ =: p (Rk -f Rt) (10) 



If we choose to neglect the input circuit 
of the trigger amplifier we see that Re in 
this case is R547 6.5 kl2. A beta of 50 is a 
close figure to use for Q543, and since Re 
>> Rt then, 



Rin — p Re 

= 50 X 650012 



— 325 kS2 



This impedance shunts R544 (75kl2) and 
L528 a 1.5 kS2 wire- wound resistor. We may 
then, for all practical purposes, consider 
L528 the collector load resistance (Ri.) ; 
therefore, 



A(v) =0.5 



R i. 

Re( 1) -f- Re(2) + RtU) + Rt{2) 



Rt = ro + Rr (9) 



47 + 47 

23 + 23 + 5 + 5 



= 0.5 



1500 

23 "+23 + 5 + 5" 



26 

1+5 



+ 4 12 



94 

% 



= 13.3 



= 5.6812 



This impedance of 5.6812 plus R511 or 
R526 (90.912) constitutes part of the load 
impedance of the hybrid cascode amplifier 
Q514, V514A or Q524, V514B and the neces- 
sary matching impedance for the dela>' line. 



A(v) = 1.68 



Q523 is the trigger pick-off amplifier and 
Q543 is an emitter follower providing isola- 
tion between the vertical amplifier and the 
trigger circuits. 



Q534 is the be am -indicator amplifier. Its 
function is to drive two neon lamps situated 
above the CRT on the front panel of the 
oscilloscope. These neons indicate the posi- 
tion of the trace in a vertical direction. In 
the quiescent condition the voltage at the 
junction of R535 and R536 is 287 volts. Bo<’ 
indicator neons, B538 and B539, have > 
volts across them, not enough voltage to 
strike either neon. (This type of neon has a 
striking voltage in excess of 68 volts.) 
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When we apply a negative signal to the 
vertical input of the oscilloscope, the base of 
QS24 is driven negative and the base of 
^"14 moves in a positive direction by a 
iilar amount. Therefore, the current 
through R530 decreases and the current 
through R507 increases. The voltage at the 
emitter of Q534 increases and the voltage at 
the base of Q534 decreases. As a result, tlie 
base-to-emitter junction of Q534 becomes 
reverse biased and Q534 ceases to conduct. 



Therefore, the voltage at the junction of 
R535 and R536 rises towards 350 volts 
striking neon B539 which indicates trace 
has shifted down. 

R513 and R523 and the DC SHIFT con- 
trol R502 are thermal -compensation net- 
works associated with Q514 and Q524. 
The thermal time constants are long and 
the visible result appears on the CRT dis- 
play as a DC shift in trace position after 



GRID 

V594 

i 

f 

I 

I 

I 

I 

I 



GRID 

V584 



-h 350 V 



R569 
348 K 



R570 

I7.8K 



R571 

820 



R572 

82 



-lOOV 

A 




R569 



= R, 



R570 



R57I 



= R2 



R572 



'lOOV(Va) 



B 





7 .. _ RiX R2 

365.8XI0^x9 02X 10^ 
“(365.8XI03)+(9.02XI02) 

Zfh = 900 a 



Voc = Va + 



(Vi-V2)R2 



= 100 + 



R 1 + R 2 

(350-l00)x9.02XlQg 



(365.8XI03)+(9.02XI02) 
Voc 100 VOLTS 



ire 21. Illustrating the use of Thevenin's Theorem to simplify a network consisting of a voltage source 
v..id a resistive network. (A) — The network whose Thevenin equivalent is to be determined. (B) — Determin 
ing the equivalent source impedance (Zih) and the equivalent voltage source (Voc). (C) — The Thevenin 
equivalent network of (A) connected to the junction of R574 and R576. (D) — ^The equivalent circuit con 
sidering Zth as two resistors through which the individual emitter currents will flow. 



a step function. The DC SHIFT control 
is adjusted for the best dynamic thermal 
compensation, tj-pically about 1% tilt. 

We will now analyze the output circuits 
to the right of the delay line, refer to Figure 
17. The first thing we must do is to cal- 
culate the voltage at the base of Q594 or 
Q584. The voltage at the junction of R532 
and R533 (174 volts) will set the base volt- 
age of Q513 and Q523. Assuming a junction 
drop of 0.5 volt the voltage at the emitter of 
Q513 and Q523 will be 173.5 volts. The cur- 
rent through R511 and R526 is 27 milliamps, 
hence the voltage drop across these resistors 
will be 



90.9 X 27 
2.5 volts 

therefore, the voltage at the plate of V514A 
and V514B is 



173.5 — 2.5 ” 171 volts. 

This 171 volts is directly coupled to the base 
of Q594 and Q584 via the delay line. The 
voltage at the emitter of both Q594 and Q584 
is then 170.5 volts. We will now calculate 
the current flowing into the emitter of Q594 
or Q584. Figure 21 shows a step-by-step 
approach in solving this problem. The sim- 
plest approach is to use Thevenin’s Theorem 
to simplify the resistive network R569, R570, 
R571 and R572. The result is we have a 
Voc of -j-100 volts and a Zth of 90012 to 
the junction of R574 and R576. Therefore, 
looking from the emitter of either Q594 or 
Q584 we see an impedance of 13.3 U in series 
with 180012 to -f-100 volts. 



(170.5 — 100)10'^ 
1.8 X 10^ 



mA 



70.5 

Ts 



= 39 mA 

we now calculate ro 



26 __ 26 
^ ^ 



0.7 f2 

and to this we add our constant Rr of 412; 
therefore, 

Rt = rc + Rr (9) 



= 0.7 + 4.0 



= 4.7 S2’s 
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We have only one point in this circuit (a 
virtual AC ground point) at which the sig- 
nal currents will be equal and opposite. That 
point is the junction of R574 and R576 
(13.312 resistors). This fact sets Rk at 
13.3 12. The purpose of the RC network to 
the right of R574, R576 is to compensate the 
high frequencies. 

The input impedance we see looking into 
the base of Q594 or Q584 is 

R., = ^ (R,, + RO (10) 



A beta of 75 for this type of transistor is 
a close figure to use for practical purposes. 

Therefore, 

R„, := 75 (13.3 + 4.7) 12’s 
= 135012 

The value of Rin is part of a resi.stive net- 
work which will terminate the delay line in 
its correct impedance. Therefore, before we 
leave this section we must check to see if our 



value of Rin is within practical limits. Figure 
22 shows a progressive breakdown of this 
network. 

This network will induce a loss between 
the two stages. The signal is reduced in 
amplitude by a factor of 0.64 because of the 
voltage divider network consisting of 57.6 12 
and the parallel combination of 100 12, 
2800 n, and the input impedance into Q594 or 
Q584. 

The gain of the output stage is 

. Rl(1) + Rl{2) 

Rk( 1) -f- Rh( 2) + RtO) + Rt(2) 

_ ' 1100 + 1100 1 

“ V 





2200 




36 ' 



= 61 V 



You recall that the gain equation of a 
hydrid cascode amplifier (refer part 2, “The 
Vacuum Tube Amplifier,” Service Sr 
#43, April 1967) must be multiplied by .. . 
plate efficiency factor (t?) if the vacuum 
tube is not a triode. The plate efficiency 
factor ( t }) normally varies from between 0.7 
to 0.9. In this ca.se ( tj ) is approximately 
0.9 - 0.88 to be exact. So finally, 

A<v, = 61 X 4 



= 54.9 

The gain of the complete Type 545 B 
vertical amplifier is 

A(v) (total) = 54.9 X 1.68 X 0.64 

” 59 

S}{})wiary 

This brings to a close this series of three 
articles dealing with a practical approach 
to transistor and vacuum-tube amplifiers. 
This approach has been offered as a direct 
method of trouble shooting and understaivl- 
ing circuits. There are limitations as t( 
application as we have seen. However, these 
limitations do not impair the practical 
approach we must applj' to our everyday 
maintenance and trouble shooting problems. 
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LIST OF SYMBOLS 



Voltage gain defined as 



Eb Average or quiescent value of plate 
voltage 

Ebb Plate supply D-C voltage 

Ec Average or quiescent value of grid 
voltage 

E- Effective or maximum value of 

varying component of grid voltage 

Ek Average or quiescent value of cath- 
ode voltage 

Ep Effective or maximum value of 

varying component of plate voltage 



gm Mutual conductance 

Ib Base current 

Ic Collector current 

Ie Emitter current 

Ik Cathode current 

Ip Plate current 



Rb Base spreading resistance (Tee 

Equivalent) 

Rc Collector resistance (Tee Equiva- 

lent) 

Re Emitter resistance (Tee Equiva- 

lent) 



Re External Emitter resistance (refer 
to text) 



Re(s) The equivalent resistance between 
the signal source and the emitter 
terminal of the transistor in the 
common base configuration 

Te Dynamic emitter resistance 

Rk Cathode resistance (refer to text) 



rk 



The impedance seen looking into 
the cathode of a vacuum tube and 
defined as 



rp + 

/i -|- 1 



1 

gm 



(if rp >> Re) 



Re Load resistance 



rp Dynamic plate resistance 



Rr 



(3 



Rt 



Vbb 

Vcc 

Vco 



a 



B 

A 

V 



The “Transresistance” resistance 
(re -j- Rr) 



Base voltage 

Supply voltage 

Collector to emitter voltage 



(alpha) The total forward current 
gain of the transistor as viewed 
from an external circuit. Normally 
defined as the ratio of Ic/Ie 

(beta) The small signal current gain 

(delta) The change in the variable 
with which it is associated 

(eta) Plate efficiency factor (refer 
to text) 

(mu) Amplification factor 
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